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L A Letter from Sir William Hamilton, K. B. F. R. $. 


zo Sir John Prin gle, Bart. P. R. 5. giving an Account 5 
a of certain Tra races of Polcanos on the Banks of the 
| Rhine, | 


MW rom on board a Yacht on the Rhine, 
near Mayence, Sept. 29, 1777. 


8 I do not recollect ever to have heard 
of, or ſeen, any account of ancient 


SIR, 


. 


volcanos on the banks of this 7 river, I have the pleaſure 


of ſending you a few imperfect remarks, which 1 have 


Vor.-LXVH.---- B juſt 


T Sir WILLIAM HAMILTON'S: Arcoumt of 
juſt made during a five- days moſt delightful paſſage up 


the Rhine from Bonn to Mayence. The firſt certain 
token of volcanos having exiſted in this country was evi- 
dent to me in. the court of the palace of the Elector- 
palatine at Duſſeldorff, which is at this moment new 
- —_— with a. lava. exactly like that of Etna and Veſu- 
Upon: enquiry I was told, that it came from a 
 . quarry belonging to the fame Elector at Unkel, between 
Bonn and Coblenz. When 1 arrived at the gates of Co- 
| logne, I was ſtruck with the fight of numberleſs baſaltic 
| columns inſerted in the walls of the town; and I re- 1 
marked, that columns of the ſame ſort were unĩverſall x 
" uſed as poſts 3 in the ſtreets, and at every door; they are 


1 chiefly pentagonal, but ſome are Hexagonal, and a few N 


| have only four ſides; they are very like the. baſaltes of, 
the Giants Cauſeway, but without their regular articula- 
tions. 1 was informed, that they came likewiſe from the 
Unket quarry; and that the town of Cologne is in poſ- 
ſeſſion of an ancient right to as much ſtone from that 

quarry as may be wanted for its own uſe. I perceived | 
likewiſe, that the walls of moſt of the ancient buildin gs 
in the town of Cologne were of a tuffa exactly reſem- 
bling that of Naples and its environs. This ſpecies of 
ſtone, as I was informed, abounded on the banks of the 


Rhine, between Bann and Coblenz: theſe circumſtances 
made 


} 
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-" - 
made me keep a ſharp look out, and, on my approach to 


Bonn, was ſtruck with the volcanic forms of the Seven- 
bergen, or Seven Mountains, about two leagues from the 
town, on the other ſide of the Rhine. In the walls and 
ſtreets of Bonn are many of the above mentioned co- 
tarans of baſaltes, and the pavement of the Town is of 
lava. The ftone 3 in general uſe for building here, is a 
very compact one, a hard volcanic tuffa like that of Pia- 

nura near Naples, and of the ſort called Piperno in Italy; $ 


is s mixed I with fragments of lava and other volcanic _ 
The ay after my arrival at Dorm I viſited Wolcken- 
berg, Trackenfelts, and Stromberg, three of the Seven- 
bergen, and found the two firſt entirely compoſed of 
tuffa, and the laſt of tuffa and lava: 1 dare ſay, by the 


it is ſomething like free- ſtone, but, upon near inſpection, — 


| ſhape and appearance of the reſt of theſe mountains, EF 


ſhould have found them all equally compoſed of the 
ſame volcanic ſubſtances, had my time allowed me to 
have examined them. The craters on the mountains I 


up by time and the rubbiſh thrown from the quarries 
that are con ſtantly worked on their tops. On each fide 
of the Rhine, moſt of the way from Bonn to Coblenz, 
particularly between Prohl and Ander nach, I perceived 
| B 2 high 


2 


viſited are diſcernable, though much altered, and filled N 


— 
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high rocks of lava or tuffa. Where the volcanos had not 
operated, the mountains and rocks are of ſlate. At 
Erpel, in a mountain cloſe to the river, and oppoſite the 
. convent ſituated on an iſland about three leagues from 
Bonn, there are ſome traces of baſaltic columns, the 
quarry ſeeming to have been nearly exhauſted. I have 
often thought (and this exhauſted quarry brings i it to my 
mind again) that the reaſon why there are ſcarcely any | 
remains of lavas that have taken the columnal form on 
veſuvius and the volcanos near Naples i is, that they have 
been carried off for the uſe of paving the great Roman 
roads. The Appian way is moſtly compoſed of lava of a 
pentagonal and hexagonal form, and ſeems. evidently 
made of Nn of ſuch baſaltic columns. Theſe. lavas 1 
4 being. ready cut by nature, would naturally be carried off 
fit, as the cutting of ſolid rocks of lava for ſuch pur- 
poſes i is attended with very great expence. T 
At Unkel, above a league further on tow ards b 
juſt oppoſite the town on the other fide of the Rhine, 18 
the great quarry belonging to th Elector Palatine, which 
affords a moſt pleaſing and aue mmon fi ght: it is entirely 
compoſed of the moſt regular detached baſaltic columns, 
and thou gh millions of theſe columns have been ex- 
tracted, as the towns of Cologne and Bonn teſtify, yet 
= the quarry is very rich, SOVF lie moſtly: in an horizony 
tal 


— — 


© Polcanos. on the Banks of the Rhine. 5 


tal direction, but ſome are perpendicular, and others in- 
clining towards the Rhine, which, being very low, 
ſhews many of them in the bed of the river itſelf; they 
riſe from thence into the mountain (where i is the preſent 
quarry) above 100 feet. They are, as 1 mentioned be- 
fore, chiefly pentagonal ; the ſmalleſt are in general the 
moſt diſtinct and regular, about ſix inches diameter; the 
largeſt of the columns that I meaſured in this quarry (or 
indeed that I had remarked any where) was. about three 
feet long, and about one foot and a half diameter. The 
other lavas in this neighbourhood are of the ſame ſub- 
ſtance, and: ſome incline to the ſame forms, but none ſo 
regular. I have not the leaſt doubt but that all baſaltes, 1 
whereſoever they exiſt, have originated from f ubterra- 
neous fire, and are true lavas. 11 11561 
I hope ſome one, who has more leiſure, will examine "i 
this curious country particularly. It is wonderful to me, 
that ſuch viſible tokens of great volcanic productions, i in 
A country ſo well inhabited, ſhould not have attracted the | 


; attention. of naturaliſts more than they ſeem to have 
done. 


I muſt not forget to mention another curious circum- 
ſtance: at Andernach, between Bonn and Coblenz, I ſaw 
vaſt heaps of tuffa ready cut, lying on the banks of 
the Rhine, and: ſome Dutch veſſels loading it; upon 

8 


ings under water. This alſo correſponds with an idea 


| Z olane, prepared by volcanic fire deep 1 in the bowels of 


\ 


. WILLIAM HAMILTON" 8 Arcount of,. &c. 


enquiry I found, that a conſiderable trade of this ma- 
terial is carried on between this town and Holland, where 
they grind down this fort of ſtone by wind-mills inta a 
powder, which they uſe as a puzzolane for all their build- 


mentioned in one of my former letters to the Royal So- 
ciety, that the tuffas of Naples were cotnpoled of a pus- 4 


the earth, and, mixing with water at the time of its ex- | 
ploſion, formed a ſort of natural mortar or cement. The 
Dutch reduce it again to its priſtine ſtate of puzzolane. 

I flatter myſelf you will excuſe my ſending you ſuch 
crude and haſty remarks, as my time will not allow me 
to examine further: I only mean to point out this cu- | 
rious country for further inveſtigation. What 1 have 
juſt ſeen confirms mein the opinion, that volcanic opera- 
tions are much greater agents of nature than i is gene- 
* 2 


SHS 
* — 
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U. of the Heat, bee. of aiidia aig — By My. 
John 2 F. R. S. 


2 June 19, and Nov. 13, 1777. 


IN the » cond of a variety of experiments on animals 


= Calt of experiments in the one has explainedthe ceconomy "2 
of the other, and pointed out ſome principle common. to 


| both; I have there fore colle fted ſome experiments which 
relate to the heat and cold of thoſe ſubſtances.. Having 
found variations in the degree of heat and cold i in the - 
fame experiment, for which I could not- account; I ſuſ-- 
E- pected that this might ariſe from ſore imperfection 1 in 
the conſtruction of the thermometer. Imentioned to 
Mr. RAMSDEN my objection to the common conſtruction i 
of that inſtrument, and my ideas of one more perfect 5 
in its nature, and better adapted to the experiments in 


which I was engaged. He accordingly: made me ſome 
| very ſmall thermometers, ſix or ſeven inches long, not 
above 2 ths of an inch thick in the ſtem; having the ex-- 
ternal diameter of the ball very little larger than that of | 

- the 


and ve getables, I have frequently obſerved that the re- 


appear from the firſt, ſecond, and third experiments, that 


| 4 
8 Mr. nuntef orf:4be Heat, TT. 
the ſtem, on which was marked the freezing point. The 
ſtem was embraced by a ſmall i ivory ſcale ſo as to ſlide 
upon it eaſily, and retain any poſition. . - Upon the hol- | 
low ſurface of this ſcale were marked the degrees which 
were ſeen through the ſtem. By theſe means the ſize of 
p the thermometer was very much reduced, and it could 
be applied to ſoft bodies with much more eaſe and cer- 
tainty, and in many caſes in which the former ones 
could not be conveniently applied: 1 therefore repeated 
with: it ſuch of my former experiments a8 were not ori- 
+ ginally ſatisfactory, and found the degrees of heat very 
different, not only from what 1 generally imagined, but 
alſo from what I had found i in my former experiments 
with the thermometers of the common conſtruction. = 
have obſerved in a former paper and find it ſupported 
by every experiment I have made on the heat and cold 
of animals, that the more perfect have the greateſt power 


of retaining a certain degree of heat, which may be 
— called their ſtandard heat, and allow of much leſs varia- 
tion than the more imperfect animals: however, it will 


many, if not all of them, are not capable of keeping 
cenſtantly to one ſtandard; but vary from their ſtandard 


(a * Vide Phioipca TranfaRions for the year 1775, vol. LXV. part I. 


heat, 


oF, Animals and Vegetables; 4 9 
heat, either by external applications, or diſeaſe. Hows 
ever, theſe variations are much greater below the ſtan- 
dard heat than above it; the perfect animals having a 
greater power of reſiſting heat than cold, ſo that they 
are commonly near their ultimate heat. Indeed we do 


not want any other proof of this variation than our own = 


feelings: we are all ſenſible of heat and of cold, Which 
ſenſations could not be produced without an alteration 
really taking place i in the parts affected; which alteration 
in the parts could not take place, if they did not become 
actually warmer or colder. I have often cooled my 
hands to ſuch a degree, that 1 bave put them into pump- 


| water, immediately pumped, to warm them; therefore, | 


. my hands-were really colder than the pump- water. 
Real increaſe of heat muſt alter the texture or poſition 


of the parts, ſo as to produce the ſenſation called heat: and 
as this heat is diminiſhed, the texture or poſition of the 


parts is altered in a contrary way; which, when carried 
to a certain degree, becomes the cauſe of the ſenſation of 
cold. Now theſe effects could not take place in either 


5 caſe without a real increaſe or decreaſe of heat in the 


part; heat, therefore, in its different degrees, muſt be 
preſent. When heat is applied to the ſkin, it becomes 
hot, in ſome degree, according to the application; and: 
this may be carried ſo far as actually to burn the living 
Vo I. LXVIII. VVV 
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parts: on the contrary, in a cold atmoſphere, a man's 
Hand ſhalt become fo cold as to loſe the ſenſation of cold 
altogether, and change it for that of pain. Real heat 
and cold can be carried fo far, as even to alter the ſtruc- 
ture of the parts upon which the actions of life depend. 
As animals are ſubject to variations in their degrees of 
| heat and cold from external application: s; they are of 
_ courſe, i in this reſpect, affected in ſome meaſure like in- 
- animate matter; and therefore, as parts are elongated or 
recede from the common maſs, theſe effects more rea- 
dily take Place: for inſtance, all projecting parts and ex- 
tremities, more eſpecially toes, fingers, noſe, ears, combs 
of fowls, particularly of the cock, are more readily cooled, 
and are therefore moſt ſubject to be affected by cold. Ani- 
mals are not only ſubject to increaſe and decreaſe of 
heat, ſimilar to inanimate matter; but the tranſition from 
the one to the other (as far as they allow themſelves to 
go) 18 nearly as quick. However, I ſhall not confine : 
myſelf to ſenſation alone, for it is in ſome degree ruled £ 
by habit: the habit of uniformity in the degree of the 
one or the other, will be the cauſe of a conſiderable in- 
creaſe of ſenſation from the ſmalleſt variation; : while the 
habit of variation in the degree of heat and cold, will, in 


A proportional degree, prevent the ſenſation ariſing from 
"Either: 2 but we thall be * by actual experiment. 
The 


s fecting the animal. 1 find that they will raiſe or fink 


in the ſame degrees, which appears from the application 
of the thermometer to the ſkin; for the cuticle may be 


i can do; and it might be ſuſpected, that the whole of the 


I found it roſe no higher. I then took ſeveral Pieces of 
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The parts above mentioned (vig. projecting — and 
extremities) are ſuch as will admit of the greateſt change 
in their degrees of heat and cold, without materially af- 


the thermometer, in ſome degree, according to the exter- 
nal heat or cold applied; although not in a proportional | 
degree to this application, as would be the caſe in inani- 
mate matter. Nor are the living parts cooled or heated 


conſidered as a dead covering, capable of takin g greater 
degrees of heat or cold, than the living parts underneath 


variation was in the covering. To remove this doubt 1 

| made the following experiments. . 

xxx. 1. I ſunk the ball of my thermometer under my 

” tongue, which lay perfectly covered by all the ſurround- . 
ing parts, kept it there ſome minutes, and found that it 

F. roſe to 97*; having continued it ſome time longer there, 


ice, about the ſize of walnuts, and put them i in the ſame 
ſituation, allowing them to melt in part, but not wholly, 

that the application of cold might be better kept up, oc- 

caſionally ſpitting out the water ariſin 8 from the ſolu- | 

tion: this I continued for ten minutes, and found, on 

| Ca intro- 


3 1 


rs. 
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introducin g my thermometer, that it fell to 77% E 
' That the mouth at this part had loſt 20? of heat. It gra- 
dually roſe to 97* again; but the thermometer in this ex- 
periment did not ſink ſo low as it would have done in the 
hand, if a piece of ice had been held in it ſo long. Per- 
| haps one reaſon may be affigned: the ſurface under the 
tongue being ſurrounded with warm parts, renders it 
next to an impoſſibility to cool it to any greater degree: : i 
but I ſuſpect {till another reaſon, vig. parts which have 
been in a habit of conſiderably varying in this reſpect, 
as the hand, will allow of greater latitude, being as it 8 1 
were inſenſibly drawn into cold, nor ſo ſuſceptible of it, 
as has been already obſerved. | 
As a further proof, that the more perfect miele are 
capable of varying their heat, in ſome degree, according 
to the external heat applied, I ſhall adduce the followin g 
experiments made on the human ſubject. 15 
The mouth being a part ſo frequently in contact with 
the external atmoſphere in the action of breathing, 
5 whatever! is put into it will be ſuppoſed to be influenced 
by that atmoſphere; this will always render an experi- 
ment made in the mouth, relative to heat and cold, in 
ſome degree doubtful. 1 imagined that the urethra 
would anſwer better, becauſe it is an internal cavitv, and 
can be only influenced by heat and cold applied to the 
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external ſkin of the parts. L imagined alſo, that what- 
ever effects heat or cold might have, when applied, would 
ſooner take place in the urethra than in any other part 
of the body, as it is a projecting part;. and therefore, if 
living animal matter was in any degree ſubject to the 
common laws of matter in this reſpect, the urethra 
would be readily affected: for this purpoſe I got a per- 
ſon, who allowed me to make ſuch 2 as IL 
5 thought neceſſary. | | 
SG exP.1n.1 introduced the ball of my thermometer i into 
the urethra about an inch; after it had remained there 


A minute, the quickſil ver roſe only to 92 at two — _ 


it roſe to 93%; at four inches, the quickſilver roſe to 945; 
and when the ball had got as far as the bulb of the ure- 9 
thra, where it is furrounded by warm a parts, the quick» 


i | filver roſe to 97*. 


EXP, III. Theſe parts being UNIT "FP in water heated: 
only to 6 5? for one minute, and the thermometer intro- 
duced about an inch and a half into the urethra, the 
quickſilver roſe to 79®: this was repeated ſeveral times. 
with the ſame ſucceſs. To find if there was any differ- 
ence in the quickneſs of the tranſition of heat and cold: 
in living and dead parts, and alſo if the latitudes to 
which each would go were alſo different, I made the 
follow ing experiments. As this Ds the urethra): ſtill: 
3 appeared 
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A 
appeared to me to be the very beſt part of any animal 
body for experiments of this kind, I had recourſe to it; 
and as all comparative experiments ſhould be as ſimilar 
to one another as poſſible, excepting in thoſe points 
where the difference (if there is any) makes the efſential 
part of the experiment, 1 procured : a dead penis. 
EXP. Iv. The heat of the penis of a living perſon, an 
inch and a half in the urethra, was 92˙ exactly. I 
firſt heated the dead one to the fame degree, and then 
Had the living one immerſed in water at 50 N at the fame , 
time immerſing the dead one in the ſame water; when, 
5 introducing the thermometer at different times, I ob- 
ſerved their comparative quickneſs i in cooling from 920. 
5 The dead one cooled faſter; but only by two or three de- 
grees. The living came down to 58%, and the dead : 
1 5*. After having continued the thermometer 
5 there ſome time longer, it fell no lower. 1 repeated 
the ſame experiment ſeveral times, with the ſame ſuc- i 
ceſs; although ſometimes there was a ſmall difference in 
the degrees of heat from thoſe of others, the heat of the : f 
water alſo differing; but the difference in the reſult was | 
nearly i in proportion, in all the three different trials, there- : . 
fore the ſame concluſions are to be drawn from them. | 
In theſe laſt experiments we find very little difference 
between the cooling of a part of a dead body, and that 
of the living; but we cannot ſuppoſe that this can take 
place 


* 
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place through the whole body, as in this caſe a living 
man ſhould always be of the ſame degree of heat with 
the atmoſphere in which he lives. The man not choofin g 
to be cooled lower than 535 or 54*, put it out of my 
power to ſee if the powers of generating heat were 
exerted i in a higher degree, when the heat was brought 
fo low as to threaten deſtruction; but from ſome experi- 
Y ments on mice, which will be related hereafter, it will 
appear, that the animal powers are called upon to exert. 

1 themſelves in this, when neceffary. 


an animal were capable of becoming much colder than 
| | the common or natural heat; I therefore made farther 
experiments, with a view to ſee whether the ſame parts 
| were capable of becoming much hotter than the ſtandard 
heat of animals. "The experiments were made i in the 
fame manner as the former, only the water Was now 
hotter than the natural heat of the animal. 
EXP. v. The natural heat of the parts being 92*, , they 
; | were now immerſed in water heated to 11 35% for two mi- 
| nutes, and the thermometer bein 8 introduced as before, 
che quickſilver roſe to 100%. This experiment I alſo re- 
peated ſeveral tones, but could not raiſe the heat of the 
| penis beyond I 00%: this was probably owing to the 
perſon not being able at this time to bear the application 
of water warmer than 113% As theſe were only fingle- 


expe- 


From the experiments related I found, that parts "2 
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dead part. 
ExP. VI. Both the living 4 dead Part ming im- 
1 merſed in water; gradually made warmer and warmer 
from x00? to 118?, and continued in this heat for ſome 
minutes, the dead part raiſed the thermometer to 114, 
while the living could not raiſe it higher than L02%. 
It was obſerved, by the perſon on whom the experiment 
was made, that, after the parts had been in the water | 
about a minute, the water did. not feel hot; but, on its | 
being agitated, it felt ſo hot that he could hardly bear it. 
2 Upon applying: the thermometer to the ſides of the liv- | 
ing gland, the quick filver immediately fell from 118* to | | 
” about 104% while it did not fall above a degree when put | 3 
cloſe to the dead; ſo that the living gand nn, a 4 
cold ſpace of water around it 3 | f | 
EXP, vii. The heat of the rectum 1 in the ſame man i 


was 98ů⁷ exactly. = 
In the ſecond, third, fourth, fifth, and ſixth experi- 1 5 
ments, we had an internal cavity, which i is both very vaſ- I 
cular and ſenſible, evidently influenced by external heat T 
and cold, though only applied to the ſkin of the part; 


(b) This might furniſh an uſeful hint reſpecting bathing in water, whether 
colder or warmer than the heat of the body: for if intended to be either colder 
or hotter, it will ſoon be of tie ſame temperature with that of the body; there- 
fore in a large bath, the patient ſhould move from place to place; and in a ſmall 
one, there mould be a conſtant ſucceſſion of water of the intended heat. 


8 3 . while, 
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; while, in 1 this ſeventh experiment, another part of the 
| fame body, where external heat and cold can make little 
or no impreſſion, was of the ſtandard heat. Although 
we ſhall find hereafter, from experiment, that the rectum 
is not the warmeſt part of an animal; yet, in order to 
determine how far the heat could be increaſed by ſtimu- 
lating the conſtitution to a degree ſaflicient to quicken 
the pulſe, I repeated the ſeventh experiment after the 
man had eaten a hearty ſupper, and drank a bottle of. 
wine, which increaſed the pulſe from 7 3* to 875 „and 
yet the thermometer only roſe to 98. 

Having formerly made experiments upon dormice i in 
S the fleeping ſeaſon, with a view to ſee if there was any 
4 alteration in the animal ceconomy at that time, J find h 
1 amongſt theſe experiments the follow! ing which appear 

do be to our preſent Purpoſe: but, that I might be more 
certain of the accuracy of my former experiments, I re- 
peated them with my new thermometer. 

EXP. VIII. In a room, in which the air was at between 
5o' and 607 of temperature, a ſmall opening was made 
in the belly of a dormouſe, of a ſufficient ſize to admit the 
ball of my thermometer, which, being introduced into 
the belly at about the middle of that cavity, roſe to 
80%, and no higher. 
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EXP. 1X. The mouſe was put into a cold atmoſphere 
of 15* above o, and left there for fifteen minutes; 
after which, the thermometer bein g introduced a fecond 
time, it roſe to 8 5. 1 


EXP. x. The mouſe was again put into a cold atmo- 
ſphere for fifteen minutes more; and the thermometer 
being then introduced, the quickſilver roſe to 725 only, 
but gradually came up to 83e 84* and 855. 

. It Was put a third time into the cold atmo- 

1] ſphere, and allowed to ſtay there for thirty minutes; the 
lower part of the mouſe was at the bottom of the diſh, 
and almoſt frozen; the whole of the animal was a little 
numbed, and a good deal weakened. When the ther- 
-mometer was introdaced, it varied according to the dif- 
ferent parts of the belly; in the pelvis, near the. parts 
moſt expoſed to the cold, it was as low as 62; in the 
middle, among the inteſtines, about 70%; but near the 
diaphragm it roſe to 80, 825, 845, and 8 50; ſo that in 
the middle of the body the heat had decreaſed 10? : 
” Finding 2 variation in different parts of the ſame cavity 
in the ſame animal, 1 repeated the fame experiments 


upon another dormouſe. 
„ took a healthy dormouſe, which had been > 
aſleep in a room in which there was a fire (the atmoſphere 


at 64*); 1 put the thermometer into its belly, nearly at the 
middle, 
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middle, between the thorax and pubis, and the quick- 
ſilver roſe to 7 4* or 75*; when I turned the ball towards 
the diaphragm, it roſe to 80˙ů and when 1 applied it 


to the liver, it roſe to 8 155. 


EXP. XIII. The mouſe was put into an atmoſphere at 
20 „ and left there half an hour; when taken out, it was 
very lively, much more ſo than when put in. I intro- 
duced the thermometer into the lower part of the belly, 
and it role to d 910 ; ; and upon turning it up to the liver, 
to 937. 
EXP. xiv. The animal Was put back into the cold at- 
moſphere at 305 for an hour, when the thermometer - 
Was again introduced into the belly; at the liver it roſe 
to 9 3*%; in the pelvis, to 92*: : it was {till very lively. 
EXP. xv. It was again put back into the cold atmo- 
ſphere at I 9? , and left there an hour; the thermometer 
at the diaphragm was $72; in the pelvis, 83e; but the 
animal was now leſs lively. 
EXP, XVI. It was put into its cage, and two hours after 
the thermometer, placed at the diaphragm, was at 93? 
From theſe experiments we have actual heat e 
and decreaſed by the application of external cold; and 
likewiſe the heat varied according to the powers of life, 
as well in the ſame parts, as alſo in the different parts, 
of the lame animal: for at firſt the natural heat of the 
- = '- animal 
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animal was much below the common ſtandard, and, by 
the application of cold, and the powers of reſiſtance 
to the cold being thus increaſed, the heat was conſidera- 


bly augmented; but when the animal was weakened by 
thoſe exertions, it fell off with reſpect to the power of 
producing heat, and this © in proportion to the diſtance 
from the heart. ” + 
Why the heat of this animal ſhould be ſo low e as 80 
in an atmoſphere of between 50* and 605 is not eafily 
accounted for, except upon the principle of ſleep. But 

I ſhould very much ſuſpect, that the ſimple principle 
of ſleep i is out of the queſtion, as ſleep is an effect that 
takes place i in all degrees of heat and cold. In thoſe ani- 
mals where the voluntary actions are ſuſpended, it ap- 
; pears to be an effect ariſing from a certain degree of 
cold acting? as a ſedative, under which the animal faculties 
are proportionably weakened, but ſtill retain the power of 
carrying on all the functions of life under ſuch circum- | | 
ſtances; but beyond this degree cold ſeems to act as a ſti- f 
mulant, and the animal powers are rouſed to action for 
ſelf-preſervation. It is more than probable, that moſt ; 
animals are under this predicament; and that every or- 
der has its degree of cold, in which the voluntary actions 
can be ſuſpended. _ | 
When man is aſleep, he is colder than when awake; 
and I find, in general, that the difference is about one de- 
1 TD gree 
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gree and a half, ſometimes leſs. But this difference in 
the degrees of cold between ſleeping and waking is not a 
cauſe of ſleep, but an effect; for many diſeaſes produce a 

much greater degree of cold in the animal, without giv- 
ing the leaſt tendency to ſleep; therefore the inactivity 
of animals from cold is different from ſleep. Beſides, all 
4 the operations of perfect life are going on in the time of 
; natural ſleep, at leaſt in the perfect animals, ſuch as di- 
| geſtion, ſenſations, &c.; ; but none of theſe operations are: 
7 performed in the latter tribe. „„ 
To ſee how far the reſult of theſe experiments upon 
. = dormice was peculiar to them, I repeated the ſame expe- 
ments upon common mice, I procured two; one ſtrong 
and vigorous, the other weakened by faſting. 
xp. XVII. The common atmoſphere being at 60?, 1 
introduced the thermometer into the abdomen of the 5 
ſtrong mouſe; the ball being at the diaphragm, the quick- 
ſilver was raiſed to 995 , but at the pelvis only to 962. 
- Here there was 2 real difference of about 9? in two. 
animals of the ſame fize, in ſome degree of the ſame 
genus, and at the ſame ſeaſon of the year, and the atmo- 
tphere of nearly the ſame temperature. 

_ Exp, xvIII. The ſame mouſe was put into a cold at- 
moſphere of x 35 for an hour, and then the thermometer 


Was 
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was introduced as before; the quickfilver at the dia- 
phragm was raiſed to 8 3, in the pelvis only to 7 oy 
Here the real heat of the animal was diminiſhed I 6? 
at the diaphragm, and 185 in the pelvis. i 
Exe. XIX. In order to determine whether an animal 
that 15 weakened, has the ſame powers, with reſpect to 
preſerving heat and cold, as one that is vigorous and 
| ſtrong, I introduced the ball of rhe thermometer i into the 
belly of the weak mouſe; ; the ball being at the dia- 
| phragm, | the quickſilver role to 975; in the pelvis to 9 52 
the mouſe being put into the cold atmoſphere as the 
a other, and the thermometer again introduced, the quick- 
ſilver ſtood at 795 at t the + ng and at 74* in the 


: pelvis. 
In this experiment the heat at t the Giaphragm was di- 
miniſhed I 8*, in the pelvis 44 3 
Here was a diminution of heat in the ſecond greater 
than in the firſt, we may ſuppoſe proportional to the 
decreaſed power of the animal ariſing from want of food. 
” O determine how far different parts of other ani- 
mals than thoſe mentioned were of different degrees of 
heat; I made the following experiments upon a healthy 
dog. 25 

xx. XX. The ball of the thermometer was intro- 
duced two inches within the rectum, the quickſilver roſe 
ta 100, 9 The cheſt of the dog was opened, and 
a wound 
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a wound made into the right ventricle of the heart, and 
the ball immediately introduced; the quickſilver roſe to 
101* exactly. A wound was next made ſome way into 
the ſubſtance of the liver; and the ball being introduced, 
the quickſilver roſe to 1004. It was next introduced 
into the cavity of the ſtomach, where it ſtood exactly at 

101“. All theſe experiments were made i in a few mi- 
5 nutes. 
EXP. XXI. The fame experiments were made upon : 
oxen; the quickſilver roſe exactly to 99. 

Exp. xxII. The ſame were alſo made upon a rabbit, 
and the quickſilver roſe to 99%. 7. 

From the experiments on mice, and thoſe upon the 
dog, it plainly appears, that every part of an animal is 
not of the ſame degree of heat; and hence we may rea- 
ſonably infer, that the heat of the vital parts of man 
is greater than what it is found to be either i in the mouth, : 
the rectum, or the urethra. 

To determine how far my idea, that animals could 
have their heat varied in proportion to their imperfec- 


tions, is juſt, I made the following experiments upon 


fowls, which I confider to be one remove below what are: 
commonly called quadrupeds. _— 
EXP. XXIII. I introduced the ball of the thermometer 
fucceſſively into the inte/ftinum rectum of ſeveral hens, 
and. 
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and found that the quickſilver roſe as high as 1039, 
1032, and in one of them to 104*. 

© EXP. XXIV. I made the ſame experiments on ſeveral 
cocks, and the reſult was the {ame. 
EXP. XXV. To determine if the heat of the hen was 
increaſed when ſhe was prepared for incubation, I re- 
peated the twenty-third experiment upon ſeveral ſitting 
Or clocking hens; in one the quickſilver roſe to 1 oe; in 
the others, to 10 3*%» 1 10 3: „as in the twenty -third expe- 1 
5 riment. | 
EXP, XXVI. Under the hen, who raiſed the quickſilver | 
to 1 04, I placed the ball of the thermometer, and found I 
the heat there as great as in the rectum. — 
xxp. XXVIL I took ſome of the eggs from under the 
ſame hen . where the chick was about three parts formed, : 
broke 2 hole in the ſhell, &c. and introduced the ball of 
the thermometer, and found that the quickſilver roſe to 1 
99": . In ſome that were addled, I found their heat not ſo = 
High by two deg Trees; 10 that the life in the living + eg 
aſſiſted in ſome degree to ſupport its own heat. 

= i may be aſked, whether thoſe three or four degrees 
a heat, which are found inthe fowl more than in the. qua- 
druped, are for the purpoſe of incubation? We found that 
the heat of the eggs, which was cauſed and ſupported by 
this heat, was not above the ſtandard of the quadrupeds; 

and 
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and that it muſt probably have been leſs, if the heat of 
the hen had not been ſo great. 

Finding from the above experiments, that fowls were 
ſome degrees warmer than that claſs commonly called 
quadrupeds (although certainly not ſo perfect animals) 
I choſe to continue the experiments upon the ae ſame prin- 

S ciples, and made the following upon thoſe of a Rill i in- 
ferior order. The next remove from the fowl are thoſe 
commonly called amphibious. 

Exp. XXVIII. I took a healthy viper, and introduced 
the thermometer into its ſtomach and anus; the quick- 
filver roſe from 58* (the heat of the atmoſphere in 
which it was) to 6 8; - 0 that i in a common atmoſphere . 
it is 105 warmer. : - 

| EXP, XXIX, The viper was F s put into a pan, and the pan 
F into a cold mixture of about 1003 after being there about 

4 ten minutes, its heat was reduced to 37% It was al- 

; lowed to ſtay ten minutes longer, the mixture being 3 
13 , and its heat was reduced to 3 55. = was allowed | 
to ſtay ten minutes more, the mixture at 20 ', its heat at 
237, and it did not become lower; its tail was beginning . 
i | to freeze; and it was now very weak. It may be re- 
marked, that it became cold much ſlower than many of 
the following animals. 
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The frog being, in its ſtructure, more ſimilar to the 
viper than to either fowl or fiſh, 1. made the followin g 
experiments on that animal. | 


EXP. XXX. I introduced the ball of the thermometer 
into its ſtomach, and the quickſilver ſtood at 44. I then 
put it into a cold mixture, and the quickſilver funk to 
* the animal appeared almoſt dead, but recovered 

very ſoon: beyondithis point it was not poſſible to leflen 
the heat, without deſtroying the animal. But its decreaſe 
of heat was quicker than in the viper, * the 
mixture was nearly the ſame. 
The next order of animals were fiſh; 
Exp. xXXXI. I aſcertained the heat of water in a pond, 
where there were carp, and found it 6 82 1 then took 
A carp out of the ſame water, and introduced the ther- 
mometer into the ſtomach; the quickſilver roſe to 69%; : 
+ that the difference between the water and the fiſh 
was only 3%» N 
5 Ex. XXII. In an ee, the heat i in the Ach which 
at firſt was at 377, ſunk, after it had been ſome time 
in the cold mixture, to 3 1. The animal at that time 
appeared dead, but Was alive the next day. 
EXP. XXX111, In a ſnail, whoſe heat was at 44˙ 
funk, after it had been put into the cold mixture, to 3 1% 
and then the animal froze. 


EXT. 
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ExP. XXXIV. Several leaches having been put into a 
bottle, and that bottle immerſed in the cold mixture, the 
ball of the thermometer being placed in the middle of 
them, the quick ſilver ſunk to 31*; and by continuing 
the immerſion for a ſufficient time to deſtroy life, the 
quickſilver roſe to 3 8 and then the leaches froze. In 
all theſe experiments none of the animals returned to 
life when they became thawed. - 
Finding that theſe imperfect claſſes of animals are 
capable of varying their heat to that ſtandard which can 
freeze the ſolids or fluids when dead, and not much far- 
= ther before death enſues, I wiſhed to determine to what 
1 degree of heat the animal could be brought. : 
? Exp. xXXXv. A healthy viper was put into an atmo- 
1 phere of 1 ode, and allowed to ſtay ſeven minutes, when 
me heat of the animal in the ſtomach and anus was 
found to be 9 22 :, beyond which 1t would not riſe i in the : 
above heat. The ſame experiment was made upon frogs 
with nearly the ſame ſucceſs. 
a Exp. XXXVI. An eel very weak, its s heat at 44” which 
Y was nearly that of the atmoſphere, was put into water at 
| 65, for fifteen minutes; and, upon examination, it was 
of the ſame degree of heat with the water. 
EXP. XXXVII. A tench, whoſe heat was 41” „ Was 


a * A - ub > 1 . p © * * 2 * * e DF : . TS * s 
' n J ONES —oFu-— LY 


; ball 


Put into water at 65*, and left there ten minutes; the 
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ball of the thermometer bein g introduced both into the 
ſtomach and rectum, the quickfilyer roſe to 55% Theſe 
experiments were repeated with nearly the ſame ſucceſs. 

To determine whether life had any power of reſiſting 
heat and cold in theſe claſſes of animals, I made compa- 
rative trials between living and dead ones. 


* XXXVIIL. I took a living and a dead tench, and a 
living and a dead eel, and put them into warm water; 
they all received heat equally faſt; and when they were 5 k | 
put into the cold, both the as | and the dead received ; 
it equally. 


I lon g ſuſpected, that the e principle of life Was not | 


5 wholly confined to animals, or animal ſubſtance en- 1 


dowed with viſible organization and ſpontaneous mo- . 
tion; but I conceived, that the fame principle exiſted in 
animal ſubſtances, devoid of apparent organization and 
motion, where the py of e n was 
required. 

1 was led to this notion twenty years ago, when 1 was 
making drawings of the growth of the chick in the pro- | 
ceſs of incubation. I then obſerved, that whenever an 

f egg was hatched, the yolk (which is not diminiſhed in the 
time of incubation) was always perfectly ſweet to the very 
_ laſt; and that part of the albumen, which is not expanded 
on the growth of the animal, ſome days before hatching, 
3 Was 
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was alſo perfectly ſweet; although both were kept in a 
heat of 103 in the hen's egg for three weeks, and in 
the ducks for four; but I obſerved, that if an egg was 
not hatched, that egg became putrid in nearly the ſame 
time with any other dead animal matter. 

To determine how far eggs would ſtand other teſts of 


a living principle, I made the following experiments. 
Exp. XXXIX. I put an egg into cold at about o, and 
froze it, then allowed it to thaw; from this proceſs con- 
ceived, that the preſerving powers of the egg muſt be 
loft. I then put this egg into the cold mixture, and with 
it one newly laid; and the difference i in freezin ig was 
ſeven minutes and a nalf, the freſh one e taking ſo much 
lon ger time in freezing. 


c ͤ ES rs AR 


"EXP, XL, A new laid egg was put into A cold atmo=- 
ſphere, fluctuatin g between 27 and 1 5% it took above 
by half an hour to freeze; but, when thawed and put into- 
an atmoſphere at 2 8 it froze in half the time. This. 


experiment was repeated ſeveral times, with nearly the 
ſame ſucceſs. 


= —_ — — * 
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To determine the comparative heat between a livin g 
and a dead egg, and alſo to determine whether a living 
egg be ſubject to the ſame laws with the more imperfect. 
animals, I made the following experiments.” 
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EXP. XLI. A freſh egg, and one which had been 
frozen and thawed, were put into the cold mixture at 
15*; the thawed one ſoon came to 325 „and — to 


ſwell and congeal; the freſh one ſunk to 29% and in 


5 twenty-five minutes after the dead one, it 10 to 329, 
and began to ſwell and freeze. 


The reſult of this experiment upon the freſh egg was | 


ſimilar to the above experiments upon the frog, eel, 
ſnail, Kc. where life allowed the heat to be diminiſhed 


2 or 3* below the freezing point, and then reſiſted all 


further decreaſe; but the powers of life were expended 


by this exertion, and then the — froze like any other A 


dead animal matter. 


From theſe experiments in general it muſt appear, 1 


that a freſh egg has the power of reſiſting heat, cold, 
and putre faction, equal to many of the more imperfect 
animals; and it is more than poſſible, that this your 
ariſes from the ſame principle i in both. 


From ſome of theſe experiments it appears, that the 


more imperfect animals are capable of having their heat 
and cold varied very conſiderably, not accordin g to the 
extent of the heat or cold of the ſurrounding medium 
in which they can live, but according to the degree of 


cold which is capable of altering the parts in a dead | 


ſtate, below which the living power will not go far; 
e for 
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of Animals and Vegetables. 31 
for whenever the ſurrounding cold brin gs them to that 
degree, the power of generating heat takes place till life 
is gone, then the animal freezes, and is immediately 
capable of admitting any degree of cold. 
From theſe circumſtances of thoſe imperfect animals. 
(upon which I made my experiments). varying their heat 
ſo readily, we may conclude, that heat is not ſo very 
eſſential to life! in. them as in the more perfect; although 
it be eflential to many of the operations, or what may 
be called the ſecondary actions of life, ſuch as digeſting | 
food „ and the propagation of their ſpecies, which re- - 
quires the greateſt power an animal can exert, more eſ- 
pecially the laſt: and, as moſt of the more perfect of 
WH theſe imperfect animals are commonly employed i in the 
9 frrſt, we may ſuppoſe their heat to be ſuch as this action 
of life requires, although i in them it be never eſſentially 
kr to be ſo high as to produce propagation * 
: 15 Therefore 


0 3) How far this idea holds good with fiſh I am not certain. 

(ee) How far the animal heat is lowered in the more perfect animals, when 
theſe ſecondary actions are not neceſſary, as in the bat, hedge-hog, bear, &c. 

4 I have not been able to determine, not having opportunities of examining theſe 

= animals in their involuntary ſtate. Dormice are in a mixed ſtate between the 

= voluntary and involuntary, and we find the heat diminiſhed when the actions 
are not vigorous; and from a general review of this whole ſubje& it would 
appear, that a certain degree of heat in the animal is neceſſary. for digeſtion, 
and that neceſſary heat will be according to the nature of the animal. A frog 
will digeſt food when its heat is at 600, but not when at 3 5 or 4093 and it is 
very. 
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Therefore, whenever theſe imperſect animals are in a 
cold ſo low as to weaken their powers, and diſable them 


from performing the firſt of theſe ſecondary * 


they become in ſome meaſure involuntary, and remain 
in a torpid ſtate during the degree of cold which will 


5 always occur in ſome part of the winter in ſuch coun- | 
tries as they inhabit; and the food of ſuch animals i in 
1 general not being produced in the cold ſeaſon, affords 


another re aſon for their torpidity. 


From the circumſtances of their heat being allowed to 
ſink to the freezing point, or ſomewhat lower, and then E 


becoming ſtationary; ; and of the animal not being able 


to ſupport life in a much greater degree of cold for a con- ” 


ſiderable time, we ſee a reaſon why thoſe animals always 


endeavour to procure ſuch places of abode i in the win- 
ter as ſeldom arrive at that point. Thus we have toads 2 
burrowing, frogs living under large ſtones, ſnails pro- 
tected under the ſhelter of ſtones and in holes, fiſh hav- 


very probable chat, when the heat of the hows, hedge- hog, dormouſe, bat, 5 
&c. is reduced to 0% 75%, or 80“, they looſe their power of digeſtion; or 


rather that the body, in ſuch a degree of cold, has no call upon the flomach, 


That animals, in a certain degree of heat, neu always have food, 1s further 


illuſtrated by the inſtance of bees. The conſtruction of a bee is very ſimilar to 


a fly, a waſp, &. A fly and a waſp can allow their heat to diminiſh as in the 
fiſh, ſnake, &c. without loſing life, but a bee cannot; therefore a bee is obliged 
to keep up its heat as high as what we may call its digeftive heat, but not its 
propagating ; for which purpoſe they provide againſt ſuch cold as would deprive _ 


them eyen of their digeſtive heat, if they had not food to preſerve it. 
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mg recourſe to deep water, all which places are gene- 


rally above the freezin 8 point in our hardeſt froſts: 


however, our froſts are ſometimes ſo ſevere as to kill 


many whoſe habitations are not very ſecure. 

When the froſt is more intenſe and of longer ſtand- 
ing than common, or in countries where the winters are 
always ſevere, there is generally ſnow, and the water 


freezes : the advantage ariſing from theſe two circum- 


ſtances are great; the ſnow ſervin gas a blanket to the 
earth, and the ice to the water'”, 


(e) Snow and ice are 1 che worſt conductor of heat of any ſubſtance 


yet known. In the firſt place, they never allow their own heat to riſe above 
the freezing point, ſo that no heat can paſs through ice or ſnow when at 329, 


by which means they become an abſolute barrier to all heat that is at or above 


that degree; ſo that the heat of the earth, or whatever ſubſtance they cover, is 
retained: but they are conductors of heat below 32. Perhaps that power 
decreaſes in proportion as the heat decreaſes under that part. | 

In the winter 1776 a froſt came on, the ſurface of the ground was frozen ; 

but a conſiderable fall of ſnow alſo came on, and continued ſeveral weeks; the 
atmoſphere at this time was often at 15, but it was not allowed to affect tlie 
ſurface of the earth conſiderably, ſo that the ſurface of the ground thawed, 
| and the earth retained the heat of 34, in which beans and peas grow. 


The ſame thing took place in water, in a pond where the water was frozen 


on the ſurface to a conſiderable thickneſs; a large quantity of ſnow fell and 


covered the ice; the heat of the water was preſerved and thawed the ice, and 


the ſnow at its 3 ſurface was found mixed with the water. | 
The heat of the water under the ſnow was at 35", in which the fiſh lived 
very well. | 
It would be worthy of the attention of the Winner to inveſtigate the 
cauſe of the heat of the earth, upon what principle it is preſerved, &c. 
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As all the experiments I ever made upon the freezing 
of animals, with a view to ſee if it were poſſible to re- 
ſtore the actions of life when thawed, were made upon 
whole ones, and as I never ſaw life return by thaw- 
ing! J; 1 wiſhed to ſee how far parts were ſimilar to 


the whole in this reſpect; eſpecially as WE have it af 


ſerted, and with ſome authority, that parts of a man ; I 


may be frozen, and afterwards recover: for this pur- 
poſe I made the following experiments upon an animal 
of the ſame order as ourſelves. 
In January 1 77751 mixed ſalt andi ice till the cold was 
5 about o; on the ſide of the veſſel was a hole, through | 
: which I introduced the ear of a rabbit. To carry off the 
Heat as faſt as poſſible, it was held between two flat 
pieces of iron that went farther into the mixture. That 
part of the ear projecting into the veſſel became ſtiff, : 
and when cut did not bleed; and the part cut off by 2 
pair of ſcifſars, flew from between the blades like a hard 
chip. : 
The ear remained in the mixture nearly an hour: 
when taken out it ſoon thawed, and began to bleed; it 
became very flaccid, ſo as to double upon itſelf, having 
loſt its natural elaſticity. When out of the mixture 
nearly an hour, it became warm, and this warmth in- 
(f) Vide Phil, Tran. for the year ns vol. LXV. part. II. P. 446. 
creaſed 


v.. 
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creaſed to a conſiderable degree; while the other ear 
continued in its uſual cold, and alſo began to thicken. 
The day following the frozen ear was ſtill warm; and 
two days after it ſtill retained its heat and thickneſs, 
which continued for many days after. 

About a week after this, the mixture bein g the ſame as 


x the former, I introduced both ears of the ſame rabbit 


through the hole, and froze them both : the ſound one, 
however, froze firſt, probably from its bei ag confidera- 
bly colder at the beginning. When withdrawn, they 
19 ſoon thawed, and ſoon both became warm, and the freſh 
- ear thickened as the other had done before. 
Feb. 23, 1 77770 repeated theſe experiments. 1 froze 
theearof a white rabbit till it became as hard as a board. 
It was longer in thawin 8 than in the former exper ment, 
and much longer before it became warm; however, in 
about two hours it became a little warm, and the day 
following it was very warm and thickened. 
In the ſpring. 1776, I obſerved that the cocks 1 bad! in 
the country had their combs ſmooth with an even edge, 
and not ſo broad as formerly, appearing as if near one 
half of them had been cut off. Having inquired into the 
cauſe of this, my ſervant told me, that it had been com- 
mon in that winter during the hard froſt. He obſerved, 
that they had become in part dead, and at laſt dropped off: 
F - = . alſo, 


- 
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alſo, that the comb of another cock had dropped intirety 
off, which I did not ſee, as by accident he burnt himſelf 
to death. I naturally imputed this effect to thoſe combs 
having been frozen in the time of the ſevere froſt; and 
having, conſequently, loſt the life of that part by this 
operation. I endeavoured to try the ſolidity of this rea- 
ſoning by experiment. 
I attempted to freeze the comb of a very large young 
cock (which | was of a conſiderable breadth) but could 
only freeze the ſerrated etlges (which proceſſes were full 
half an inch long); the comb itſelf being very thick and 
warm reſiſted the cold. The frozen parts became white 
and hard; and, when I cut off a little bit, It did not bleed, 
nor did the animal ſhew any ſigns of Pain. I next intro- 
duced | into the cold mixture one of his wattles, 2 
which was very broad and thin; it froze very readily : : 
upon thawing both the comb and wattle, they became 
warm, but were of a purple colour, having loſt that 
tranſparency which the other parts of the comb and the 
bother wattle had. The wound in the comb now bled 
freely. 
Both comb and wattle recovered perfectly in about a 
month. The natural colour returned firſt neareſt to the 


ſound parts, increaſing gradually till the whole was be- 
rome perfectly ſound. 
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There was a very material difference in the effect be- 
tween thoſe fowls, the ſerrated edges of whoſe combs 
I ſuſpected to have been frozen in the winter of 
176-, for they muſt have dropped off. The only way 
in which I can account for this difference 1s, that in thoſe 
fowls the parts were kept ſo long frozen, - that the unfro- 


zen or active parts had time to inflame, and had brought 
about a ſeparation of the frozen parts, treating them | 


exactly as dead, ſimilar to a mortified Part; and that 


before they thawed, the ſeparation was ſo far com- 


pleated as to deprive them of farther ſupport. 


As it 1s confidently aſſerted, that fiſh are often frozen 


and come to life again, and as J had never ſucceeded j in 


x any of my experiments of this kind upon whole fiſh; 2 
made ſome partial experiments upon this claſs of ani- 


mals, being led to it by having found a material differ- 
ence in my experiments upon whole individuals and only 


parts of the more perfect order of animals. 


I froze the tail of a tench (as high as the anus) which. 


became as hard as a board; when it thawed, that part 
was whiter than common; and when it moved, the 


whole tail moved as one piece, and the termination of. the 
frozen part appeared like the joint on which it moved. 
On the ſame day I froze the tails of two gold fiſh till 


tney became as ſolid as a piece of wood. They were put 


Dt. 
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into cold water to thaw: they appeared at firſt, for ſome 
days, to be very well; but that part of the tail which 
had been frozen had not the natural colour, and the fin 


of the tail became ragged. About three weeks after a furr 
came all over the frozen part; the tail became lighter, ſo 
that the fiſh was ſuſpended in the water perpendicularly, 
and they had almoit loſt the power of motion; at laſt 
they died. The water in which they were kept was 


New River water, ſhifted every day, and about ten n gal- 


lons in quantity. 


made ſimilar experiments upon an order of animals 


{till inferior, vis. common earth worms. 


1 firſt froze the whole of an earth worm as a ſtan- 


dard; when thawed it was perfectly dead. 


1 then froze the anterior half of another earth worm; 


but the whole died. 


I next froze the poſterior half of an earth worm; the 


| anterior half lived, and ſeparated itſelf from the dead 
part. 


As I had formerly i in making my experiments upon 
animals, relative to heat and cold, made ſimilar ones on 


vegetables, and had generally found a great ſimilarity 


between them in theſe reſpects, I was led to purſue 
the ſubject upon the ſame plan; but I was ftill farther 
induced to continue my experiments upon vegetables, as 


2 22 I ima- 
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I imagined I ſaw a material difference between them in 
their power of ſapporting cold. 
From obſervations and the foregoing experiments it 


plainly appears, that the living principle will not allow 
the heat of ſuch animals to fink much lower than the 


freezing point, although the ſarrounding atmoſphere be 
much colder, and that in ſuch a ſtate they cannot ſup- 


port life long; but it may be obſerved, that moſt vege- 


tables of every country can ſuſtain the cold of their 

F climate. In very cold regions, as in the more Northern 
parts of America, where the thermometer is often 50% 
below o, where peoples feet are known to freeze and 
their noſes to drop off if great care be not taken, yet the 
ſpruce-fir, birch, , Juniper, &c. are not affected. 
Yet that vegetables can be affected by cold, daily expe- 


rience evinces; for the vegetables of every country are 


| affected if the ſeaſon be more than ordinarily cold for 
1 that country, and ſome more than others; for in the 


cold climates abovementioned, the life of the vegetable 


is often obliged to give way to the cold of the country: 
a2 tree mall die by the cold, then freeze and ſplit into a 


great number of pieces, and in ſo doing produce conſi- 


Jerable noiſe, giving loud cracks which are often heard 


at a great diſtance. 


In this country the fame thing ſometimes happens to 
exotics from warmer climates: a remarkable inſtance of 


this 
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this kind happened this winter in his Majeſty's garden at 
Kew. The Erica arborea or Tree-heath, a native of 


Spain and Portugal, which had kept its health extremely 
well againft a garden-wall for four or five years, though 
covered with a mat, Was killed by the cold, and then 
being frozen ſplit into innumerable pieces . But the 
queſtion 1 is, is every tree dead that is frozen? I can only = 
ſay, that in all the experiments I ever made upon trees 
and ſhrubs, whether! in the growing or active ſtate, or in 
the paſſive, that whole or part which Was frozen, Was 
dead when thawed. 
The winter 1774 afforded a very favourable op- 
portunity for making experiments relative to cold, 
which I carefully availed myſelf of. However, pre- 
vious to that winter, 1 had made many experiments 
upon vegetables reſpecting their temperature compa- 
ratively with that of the atmoſphere, and when they 
were in their different ſtates of activity: I there- | 
fore examined them in different ſeaſons, with a 
4 "This maſt be owing to the ſap in the tree freezing, and oceupying a 
larger ſpace when frozen than in a fluid ſtate, ſimilar to water; and that there 
is a ſufficient quantity of ſap in a tree newly killed is proved by the vaſt quan- 
tity which flows out upon wounding a tree. But what appeared moſt remarka- 
ble to me was, that in a walaut-tree, on which I made many of my experi- 
ments, I obſerved that more ſap iſſued out in the winter than in the ſummer. In 
the ſummer, a hole being bored, ſcarcely any came out; but in the winter it 


flowed out abundantly. ng 
VIEW 
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view to ſee what power vegetables have. I ſhall relate 
theſe experiments in the order in which they were made; 
They were begun in the ſpring, the actions of life 
upon which growth depends being then upon the in- 
creaſe ; and they were continued till thoſe actions were , 
upon the decline, and alſo when all actions were at an 
| Z end, but whilſt the paſſive powers of life were {till re- 
I tained. | Wn Tn 
1 The firſt were made on a walnut tree, nine feet hi gh 
in the ſtem, and ſeven feet in circumference in the 
middle. 

>. hole was bored into it on the North fide, five feet 
| | above the ſurface of the ground, eleven inches deep 
| towards the centre of the tree, but obliquely u pwards, 
l to allow any ſ: ap, which might OOZE through the wounded . 
ſurface, to run out. | 

I then fitted to this part a box about eight inches 
wide and five deep, and faſtened it to the tree: the bot- 
tom of the box opened like a door with a hinge. I * 
x ſtuffed the box with wool, excepting the middle, oppo- 
41 ſite to the hole in the tree: -for this part I had a plug of 
i wool to ſtuff in, which, when the door was ſhut, incloſed 
me whole. The intention of this was to keep off as 
1 much as poſſible all immediate external influence either 

of heat or cold. ET 
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The ſame thermometer with which I made my for- 
mer experiments, ſeven inches and a half long, was ſunk. 
into a long feather of a peacock's tail, with a ſlit upon 

one ſide to ſhow the degrees; by this means the ball of 
the thermometer could be introduced into the bottom of 
the hole. | 

EXP. I. March 29th, 1 began my experiments at fix in 
the mornin g the atmoſphere at 57%, the thermometer 
in the tree at 55%; when it was withdrawn the quickſil- 
ver ſunk to 535; but ſoon roſe to 59%, 

This experiment was repeated three times with the 
ſame ſucceſs. Here the tree was cooler than the atmo- 
ſphere; when one ſhould rather have expected to have 3 

found it warmer, ſince it could not be ſuppoſed to have. 
| as yet loſt its former day's heat. 

EXP, II. April 4th, half paſt five | in * evening, the 
tree at 5 6 the atmoſphere at 6 2® - the tree therefore 
Kill cooler than the atmoſphere. : - 

| Exp. I. April 5th, wind 1 in the North, 2 coldiſh day, 
fix o'clock. i in the evening, the thermometer i in the tree 


was at 55*, | the atmoſphere at 47% the tree. warmer 
than the atmoſphere. 


6 ) The finking of the quickſilver upon being withdrawn J imputed to the 
evaporating of the moiſture of the fluid upon the. ball. 
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Exr. IV. April 7th, a cold day, wind in the North, 
cloudy, at three o'clock in the afternoon, the thermome- 


ter in the tree was at 425, the atmoſphere at 42* alſo. 
 ExP, v. April gth, a cold day, with ſnow, hail, and 
wind, in the North-eaft; at fix in the evening the ther- 
mometer in the tree at 45*, the atmoſphere at 395. 


Here the tree was warmer than the atmoſphere, juſt 


as might have been expected. If theſe experiments 
prove any thing, it is that there i is no ſtandard; and pro- 
bably theſe variations aroſe from ſome circumſtance 


which had no immediate connection with the internal 


powers of the plant were at reſt. N 
From experiment upon the more imperfect claſſes of 


G 2 power 


powers of the tree; but it may alſo be ſuppoſed to have 
ariſen from a power in the tree to produce or diminiſh 
heat, as ſore of them were in oppoſition. to the atmo- 
ſphere. - 5 
After having endeavoured to find out the comparative 
heat between vegetables and the atmoſphere, when the 
vegetables were in action; I next made my experiments 
upon them when they were in the paſfive life. 

As the difference was very little when in their moſt 
active ſtate, I could expect but very little when the 
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animals it plainly appears, that although they do not 
reſiſt the effects of extreme cold till they are brought 
ö to the freezing point, they then appear to have the 
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power of reſiſting it, and of not allowing their cold to be 

brought much lower. 8 ö 

To ſee how far vegetables are fimilar to thoſe animals 
in this reſpect, I made ſeveral experiments: I however 
ſuſpected them not to be ſimilar, becauſe ſuch animals 
will die in a cold in which vegetables do live; I therefore 
ſuppoſed that there is ſome other Principle. 

I did not confine theſe experiments to the walnut 
tree, but made ſimilar ones on ſeveral trees of different 
kinds, as pines, yews, poplars, &c. to ſee what was the 
difference in different kinds of trees. The difference = 
proved not to be great, not above a degree or two: hoõw—y- | 
ever, this difference, although {mall, ſhews a principle i in 
life, all other things being equal; for as the ſame expe- 
riments were made on a dead tree, which ſtood with its 0 
; roots in the ground, fimilar to the living ones, they be- : 
came more concluſive. 

In October I began the experiments vpon che walnut 
tree, when its powers of action were upon the decline, 
and when it was going into its paſſive life. 

EXP. VI. October 18th, at . paſt ſix in the morn- 
ing, the atmoſ phere at 5 1, the thermometer in the 
tree was at 5 gt; but, on withdrawing and expoſing i 

for a few minutes in the common atmoſphere, it fell 

to 50%, 
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EXP. VII. . October 21ſt, ſeven o'clock in the morning, 
the atmoſphere at 4.1*, the tree at 47%. 

Exp. VII. October 2 1ſt, in the evening at five o'clock, 
the atmoſphere at 51%, the tree at 577. 
EXP. IX. October 22d, at ſeven in the morning, the 


L atmoſphere at 42*, the tree at 48*. 


EXP. X. October 224, one o'clock after noon, the at- 


F moſphere at 51”, the tree at 53% 


EXP. XI. October 23d, in the evening of a wet t day, 


3 the atmoſphere at 40?, the tree at 48˙. 
xxx. x11. October 28, a * day, f che e = 
45" , the tree at 46*. 


EXP. xIII. October 29th, a fine day, the atmoſphere 


at 45*, the tree at 49“. 


EXP. XIV. November 2d, wind Eaſt, the atmoſphere at = 


s 427, the tree at 4.3®. 


Exp. xv. November 5th, wet day, t the atmoſphere at 


43 *, the tree at 45%. 


EXP, XVI. Nov. Toth, atmoſphere at 49 „ the tree 
at 5 1 ; | 

EXP, XVII. November 18th, atmoſphere: at 42 7 „the 
tree at 44 | 

EXP, XVIII. November 20th, fine day, the atmoſphere 


at t 40* » the tree at 420. 
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different times in the day, vis. in the morning, at noon, 


peratures were equal. For the ſake of brevity I have 
drawn up my other experiments (which were made on 
different trees) into four tables, as 
four different degrees of heat of the atmoſphere, inclu- = 
ding thoſe made i in the time of the very bard froſt in the f 
winter of I 77%» They were as follows. | 


— ee TIES 
— — — 4 


Atmoſphere. Names. 1 Diameter „ 


= (Carol. poplar, 2 3 
Engl. poplar, ” 3 2 
| Orien. plane, Ss 

Joccid. plane, 3.6 — 

Carol. plane, 1 = 

| Birch, n 22 
29 deg. Scotch fir, — ” 

I dCedar libanon, 2.2 4 

| Arbutus, 5 

Arbor vite, 2. 8 3 

Diſſid. cyprus, 3 22 
Lacker varniſh, 3.6 = 
Want tree, 5 2. 4 


My. HUNTER on the Heat, %c. 
EXP. x1x. December 2d, the atmoſphere at 54*, the 
tree at 54. 
In all theſe experiments, which were made at very 


and in the evening, the tree was in ſome degree warmer 
than the atmoſphere, excepting in one, when their tem- 


they were made at 


1 &. ; 


Ft. In. Ft. Ia. 


4 


: of Animals and Vegetables. 
The old hole in the walnut tree being full of ſap Was 


frozen up, but a freſh one was made. 
ad. 
Atmoſphere. Names. Height. Diameter. 
3 Ft. In. 8 
Spruce fir, 2: 
Scotch fir, 30 
Silver fir, 7 22 
I Weymouth fir, 2 6 
27 deg. FYew, 3 
brats 2 
| Plumb tree, 3 
(oro _——- i 
| {Ground under ſnow, 4 
. . 
Atmoſphere. Names. Heat. 
Ispruce fir, 237 
Scotch fir, 23 
Seer, 23 
4 deg. { Weymouth fir, 23 
4 Yew, 22 
A Holly, as 
Dead cedar, 24 


47 


Heat. 


28 

7 
3 

30 


30 


The ſame trees we mentioned when the thermometer 
was at 295, in new holes made at the ſame height, and 


left ſome time pegged up till the heat produced by the 


Zimlet was gone off; but in which, as 5 they were moiſt 


from 
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- walnut tree, which flowed out in great quantity, froze 
at go”. 1 did not try to freeze the ſap of the others. 


from the ſap, the heat could be very little, eſpecially as 
the gimlet was not inthe leaft heated by the operation. 
4th. 
[Car. poplar, 17˙ 
Eng. poplar, 17 
Ori. plane, 17 
1 16 a Occ. plane, 17 
| {Carol. plane, 17 


Birch, "NS 
[Son fir, 162 


It will be neceſſary to obſerve, that the fap of the 


Now, ſince the ſap of a tree, when taken out, freezes 


at 32" ; alſo, fince the ſap of the tree, when taken out A 
of its proper canals, freezes when the heat of the tree is | 
. 3153 and ſince the heat of the tree can be ſo low as . 
17 without freezing; by what power are the juices of 
15 the tree, when in their proper canals, kept fluid i in ſuch 
a cold? Is it the principle of vegetation ? Or is the fapi in- 
cloſed i in ſuch a WAY as that the proceſs of freezing can- 


not take place, which we find to be the caſe when water 


is confined in globular veſſels? If ſo, its confinement 
muſt be very different from the confinement of the 
moiſture in dead vegetables; but the circumitance of 
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vegetables dying with the cold, and then freezing, ap- 
pears to anſwer the laſt queſtion. Theſe, however, are 
queſtions which at preſent I ſhall not endeavour to ſolve. 
1 have made ſeveral experiments upon the ſeeds of b 
Tg ſimilar to thoſe on the eggs of animals; but, 
as inſerting them would draw out this paper to too gu. 
2 a len gth, I will reſerve them for another. 
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HI. 7 he Fixre of fired Gun-powder, and the initial Pelocities 
/ Cannon Balli, determined by Experiments; from which 
15 aijo deduced the Relation of the initial Pelocity to the 
Weight of the Shot and the Quantity of Powder. By Mr. li 

: Charles Hutton, of tbe Military Academy at Wool wich. i 1 
Communicated by Samuel Horſley, LL. D. Sec. R. F. 


Read Jan. & | 
„ 


\HESE experiments I 1 at Wool- 
wich i in the ſuramer of the year I 77 « 
7 aſſiſted. by thread able officers of the royal artillery at 
] that place, and other ingenious gentlemen. The object 
of them was the determination of the actual velocities 
with which balls are: impelled from given pieces of can- 
non, when. fired with given charges of powder. Theſe 
experiments were made according to the method in- 
vented by Mr. ROBINS, and deſcribed i in his treatiſe, 1 in- 
titled, New Principles of Gunnery, of which an account 
Was printed in the Philoſophical T ranſactions for the 
year 1743. Before the diſcoveries of that ingenious 
gentleman very little progreſs had been made in the 


true theory of military projectiles. His book, how- 


ever, contained ſuch important diſcoveries, that it was 
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ſoon tranſlated into ſeveral of the languages on che con- 


tinent, and the famous Mr. L. EULER honoured it with 
a very extenſive commentary in his tranſlation of it into 


the German language. That part of it hath always been 
particularly admired which relates to the experimental | 
method of aſcertaining the actual velocities of ſhot, and 
in imitation of which were made the experiments re- 
lated in this paper. Experiments in the manner of Mr. 


ROBINS Were generally repeated by his commentators 


and others, with univerſal ſatis faction, the method being 
ſo juſt i in theory, ſo ſimple | in Practice, and altogether ſo 
ingenious, that it immediately gave the fulleſt convic- 
tion of its excellence, and of the abilities of its author. 
The uſe which that gentleman made of this invention ü 
was, to obtain the actual velocities of bullets experi- 
D mentally, i in order to compare them with thoſe which he 
_ computed a priori from his new theory, and thereby to 
verify the principles on which it is founded. The ſuc- 
ceſs was fully anſwerable to his expectations, and left no 
| doubt of the truth of his theory, when applied to ſuch 
Pieces and bullets as he had uſed: but theſe were very 
ſmall, being only muſket balls of about one ounce 


weight: ; for, on account of the great ſize of the ma- 


chinery neceſſary for ſuch experiments, Mr. ROBINS and 
other ingenious gentlemen had not ventured to extend 


H 2 ED: their 


FE: 


32 © Mr. nuTTON on the initial 

their practice beyond bullets of that kind, and ſatisfied 
themſelves with earneſtly wiſhing for experiments to be 
made in a ſimilar manner with balls of a larger fort. By 


the experiments in this paper I have endeavoured, in 


ſome degree, to ſupply this defect, having made them with 
mall cannon balls of above twenty times the ſize, or from 
one pound to near three pounds weight. Fheſe are the 


only experiments that I know of which have been made 
with cannon balls for this purpoſe, although the conclu- 


fions to-be deduced from ſuch are of the greateſt i impor- 
tance to thoſe parts of natural philoſophy which are de- 


know of any other practical method of aſcertainin g the 


initial velocities of military projectiles within any tole- 
rable degree of the truth. The knowledge of this velo- 
city is of the utmoſt conſequence i in gunnery : by means 
of it, together with the law of the reſiſtance of the me- 

dium, every thing is determinable relative to that buſt- 
neſs; for, beſides its being an excellent method of trying 


the firength of different ſorts of powder, it gives us the 


law relative to the different quantities of powder, to the 
diffexent weights of ſhot, and to the different lengths and 


ſizes of guns. Beſides theſe, there does not ſeem to be 
any thing wanting to determine any inquiry that can 
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pendent on the effects of fired gunpowder; nor do 1 


be made concerning the flight and ranges of ſhot, except 


the effects ariſing from the reſiſtance of the medium. 


of 


Pelocities of Cannon Balls; %c. 53 


Of the nature of the experiment, and of the machinery 
uſed in it. 


The intention of the experiment is to diſcover the 
actual velocity with which a ball iſſues from a piece, in 
E the uſual practice of artillery. This velocity is very 
great; from one thouſand to two thouſand feet in a ſe- 
cond of time. For conveniently eftimatin 8 ſo great a 


velocity, the firſt thing neceflary | is to reduce it, in ſome 55 


known proportion, to a ſmall one. This we may con- 
1 ceive to be effected thus: ſuppoſe the ball, with a great | 
. velocity, to ſtrike ſome very heavy body, as a large: 
; block of wood, from which it will not- rebound, ſo that 
ö they may proceed forward together after the ſtroke. By 
this means it is» obvious, that the original velocity of. 
the ball may be reduced in any proportion, or to any 
ſlow velocity which may conveniently be meaſured, by 
7 making the body ſtruck to be ſufficiently large; for it is 
: well known, that the common velocity, with which the 
ball and block of wood would move forward after 
the ſtroke, bears to the original velocity of the ball only; 
the ſame ratio which the weight of the ball hath to 
that of the ball and block together. Thus then veloci- 
ties of one thouſand feet 1 in a ſecond are eaſily reduced to 
thoſe: 


<4 Mr. HUTTON d the initial 
thoſe of two or three fect only; which ſmall velocity 
being meaſured by any convenient means, let the num- 
ber denoting it be increaſed in the proportion of the 
weight of the ball to the weight of the ball and block 
together, and the original velocity of the ball itſelf will 
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thereby be obtained. In theſe experiments, this reduced 
velocity 1s rendered very eaſy to be meaſured by a Very 
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ſimple and curious contrivance, which is this: the block 
of wood, which is ſtruck by the ball, is not left at li- 
berty to move ſtraight forw ard in the direction of the 
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motion of the ball, but it is ſuſpended, as the weight or 
bob of a pendulum, by a ſtrong iron ſtem, having a 
| horizontal axis at top, on the ends of Which it vibrates 
freely when ſtruck by the ball. The conſequence of 
this ſimple contrivance is evident: This large balliſtic 
pendulum, after being ſtruck by the ball, will be pene- 
trated by it to a ſmall depth, and it will then ſwing round 
its axis and deſcribe an arch, which will be greater or 
5 leſs according to the force of the blow ſtruck; and from 
the ze of the arch deſcribed by the vibrating pendu- 
| lum, the velocity of any point of the pendulum itſelf 
can be eaſily computed; for a body acquires the ſame 
velocity by falling from the 8 height, whether it de- 
ſcend perpendicularly down, or otherwiſe; therefore, the 
length of the arch deſcribed, and of its radius, being 
5 TE LR OS given, 
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given, its verſed. ſine becomes known, which is the 
height perpendicularly: deſcended by the correſponding 
point of the pendulum. The height deſcended bein = 
thus known, the velocity acquired in falling through 
that height becomes known from the common rules for 
the deſcent of bodies by the force of gravity; and this is 


the velocity. of that point of the pendulum: this velocity 


of any known point whatever is then to be reduced to 


the velocity at the center of oſcillation, by the propor- 


tion of their radii or diſtances from the axis of motion; 
and the velocity of this center, thus obtained, is to be 
eſteemed. the velocity. of the whole pendulum itſelf; 5 
W mich bein g now given, that of the ball before the ſtroke 
| becomes known from the given weights of the ball and. 
pendulum. Thus then the menſuration of the very 
b great velocity of the ball is reduced to the obſervation of 
the magnitude of the arch deſcribed by the pendulum, 
| in conſequence of the blow ſtruck. This arch may be 
| meaſured after Various ways: in the followi ing experi- 
ments it Was aſcertained by meaſuring the length of its. 
1 chord by means of a piece of tape or ſmall ribband, the i 
| one end of which was faſtened to the bottora of the pen- 
| F dulum, and the reſt af it made to ſlide through a mall 
machine contrived for the purpoſe, which v ill be here- 
f after deſcribed; for thus the length of. the tape dra 
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86 Mr. HUTTON oh tbe initial | : 
out, was equal to the length of the chord of the arch de- 
ſcribed by the bottom of the pendulum. 
This deſcription may convey a general idea of the 
nature and principle of the experiment; but beſides the 
center of oſcillation and the weights of the ball and pen- 
dul um, the effect of the blow depends alſo on the place 
of the center of gravity. and the point of impact: it will, 
therefore, be now neceflary to give a more particular de- 
ſcription of the machine, and of the methods of finding 
the abovementioned requiſites, and then inveſtigate our 
1 general rule for determining the velocity of the ball, in 
all caſes, from them and the chord of the arch of vi- 
bration. 


O the particular deſcription of the machine, and of tbe 
determination of the centers of gravity and ofcillation. 


Tab. 1. Fig. 1. i8 a repreſentation of the machine uſed 
inthe firſt three courſes of experiments; and fig. 2. of that 
which was uſed in the other two. I ſhall here deſcribe 
the former of theſe, and afterwards take notice of the 
few particulars in which the other differs from it when 1 
come to treat of the uſe of the latter. 
The firſt pendulum conſifted of a block of ſound and 
dry eim, being nearly a cube of twenty inches long, 
which 
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which was faſtened to a ſtrong iron ſtem on the back 
part of it by ſcrew-bolts, having a thick iron axis at the 
top, whoſe ends were turned truly cylindrical, to roll 
pretty freely in ſockets made to receive them; the whole 
la: ſupported by a four-legged ſtand of very ſtrong 
timber, which was firmly fixed in the ground. a is the 
face of the cube into which the balls were fired; by 
means of the blow it is made to ſwing round the axis 
BC, and the chord of the arch thereby deſcribed i is mea- 
8 ſured by the tape DEF faſtened to the bottom of the wood | 
Y at D, and ſliding with ſome light friction through a 
| little machine of braſs, fixed at E for that purpoſe, the 
tape being marked with inches and tenths, for the more 

| eaſily meaſuring of the chord or part of it drawn through © 
| by the pendulum. The whole length of this pendulum, 

" from the middle of the axis: to the ribband at D, was 

E 102% inches. The weight and the other dimenſions were 

: taken each day when the experiments were made, and 
then regiſtered; and the manner of diſcovering. the 


places of the centers of gravity and oſcillation was as 
| follows : 4 
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To find the center of oſcillation, the pendulum was 
nung up, and made to vibrate in ſmall arcs, and the time 
of making two or three hundred vibrations was obſerved 
by a half. ſecond pendulum. Having thus obtained the 
Vol. LXVIII. * I time 
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time anſwering to a certain number of vibrations, the 
finding of the center of oſcillation is eaſy: for if v de- 
note the number of vibrations made in og then it 


18 well known, that as vv: 55: 239.2 — - = the diſ- 
tance in inches from the axis of motion to 6 the center of 
oſcillation; and by this rule the place of chat center was 
found for each day. N 

The center of gravity was aſcertained by one or both 
of the two following methods. Firſt, 
A triangular priſm of i iron AB, being 


placed upon the ground with an edge Il 


upwards, the pendulum was laid 
acroſs it, and moved forward or backward on the ſtem or 
: block as the caſe required, till the two ends exactly ba- 
lanced each other; then, as it lay, the diſtance Was mea- 
ſured from the middle of the axis to the part which 
reſted « on the edge of the priſm, or the center of gravity 
of the pendulum. The other method 4 P 

was as in the latter of the two annexed | |_ 
Hs figures, where the ends of the axis being 
EE ſupported on fixed uprights, and a chord | 
faſtened to the lower end of the pen- =] 


dulum, was paſſed over a pulley at p, dif- 
ferent weights w were faſtened to the 
other end of it, till the pendulum was = 


brought 
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brought to a horizontal poſition. Then, taking alſo the 
whole weight of the pendulum, and its length from the 
axis to the bottom where the chord was fixed, the place 


of the center of gravity is found by this proportion, as 
þ the weight of the pendulum : the appended weight 
::d the whole length from the axis to the bottom: _ 
the diſtance from the axis to the center of gravity. 
Either of theſe two methods: gave the place of the center 
of gravity ſufficiently exact; but the coincidence of the 


; reſults of both of them was ſtill more ſatisfactory. 


W the rule 125 computing the Velocity of the ball. 


Having deſcribed the methods of obtaining the neceſ- | 
44 fary dimenſions, I proceed now to the inveſtigation of the 
7 theorem by which the velocity of the ball is to be com- 
i puted. The ſeveral wei * and meaſures being found, 
4 let then — 
8 denote the weight of the ball, 
| F, the whole weight of the pendulum, 
? the diſtance of the center of gravity below the axis , 
5 the diſtance to the center of oſcillation, 
& the diſtance to the point ftruck by the ball, 
S the velocity of this point ſtruck after the blow, 
I 2 v the 
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© the original velocity of the ball, 
c the chord of the arch meaſured by the tape, and 


7 its radius, or the diſtance from the axis to the bot- 
tom of the pendulum. 


Then the effect of ” blow ſtruck by the ball is as 


2, or, as þ& : :gh: 0: 97 = the weight of a body, which, 5 


being placed at the point ſtruck, would acquire the 


ſame velocity from the blow as the pendulum does 


1 the ſame Point. Here then are two bodies, b and 


| £- : , , the former of which, with the velocity « v, ſtrikes the 


latter at reſt, ſo chat after the blow they both proceed 
5 uniformly forward together with the velocity 23. in 


—- which caſe it is well known, that 5: 2 4 2 2 :: 8 :v; and | 


kk © 0 
blo 


| therefore the velocity Si Mig; But becauſe of the 


acceſſion of the ball to the „ the place of the 


center of oſcillation will be * and from the 


known property of that point we find . = =to its diſ- 


 bk+gp 
tance from the axis. Call this diftance of the center of 


oſcillation, of the maſs compounded of the ball and 


pendulum, H. Then, ſince 2 is the velocity of the 
point whoſe diſtance is &, we have this proportion, as 


2.1 bty 


In:: s: 7 =5 7 = the velocity of this compound 


center of ofcillation. 


Again, 
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Again, ſince = — is the verſed ſine of the deſcribed arc & 


£ N „ blk eh 
its radius being 7; therefore as 7: H: 7 


the verſed ſine to the radius , or the verſed ſine of the arc 
deſcribed by the center of oſcillation, which call v; then is 
v the perpendicular height deſcended by this center, and 


the velocity it acquires by the deſcent through this ſpace. 
is thus eaſily found, VIS. as VI67; g wv : 3255 Tone | „ 


% 
2 = =the velocity of the center of oſcillation deduced | 


from the chord of the arc which is actually deſcribed. 


Having thus obtained two different expreſſions for the 


a velocity of this center, independent of each other, let an . 
1 equation be made of them, and it will expreſs the rela- 
tion of the ſeveral quantities in the queſtion; thus then 


we have 


blo 2 V + ghp 
64 Ter 12 5 f 


L = V + b * bk + bp the true expreſſion for the ori- 


from which we obtain v = 


23 23232 


* velocity of the ball the moment before it ſtruck. 
the pendulum. | 


COROLLARY. But this theorem may be reduced to a 


form much more ſimple and fit for uſe, and yet be ſuffi- 


ciently near the truth. Thus, let the root of the com- 


7 pound factor V bes 0 pr X bib + 8 be extracted, and it will 0 


be equal to vb x ts o+bkx == within the 1 00000th part 
of 
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of the truth in ſuch caſes as generally happen. But ſince 
bR x = 18 uſually but about the 1 or 40oth part of 


78, and that 4+ differs from bþ „but by about the 


8oth or Tooth part of itſelf, Foal bg +bk ü is within 


about the 20000th or Oe * of bx 


+ bb 


Conſequently v is = 8.0 2 Mb x4 


farther, if g be written for 25 in hs laſt term By, then | | 


+5 
'bhr ? 


which is an eaſy theorem to be uſed on all occaſions; 


finallyvis=8. 0b * e or * = = 5. 6720 = 


and being within about the zoooth part of the truth, it 
18 ſafficiently exact for all practical purpoſes whatever. 2 
Where it muſt be obſerved, that c, 2, A r, may be taken | 
in any meaſures, either feet or inches, &c. provided they 
be but all of the ſame kind; but 5 muſt be in feet, 


becauſe the theorem is adapted to feet. 


very nearly. Or, 


SCHOLIUM. As the balls remain in the pendulum | 


during the time of making one whole ſet of experi- 
ments, by the addition of their weight to it, both its 
weight and the centers of gravity and oſcillation will be 


changed by the addition of each ball which is lodged i in 


the wood, and therefore p, g, and 5, muſt be corrected 
after every ſhot in the theorem for determining the ve- 


locity v. Now the ſucceeding value of þ is always PY; 
OT 


/ 
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or p muſt be corrected by the n addition red b: 


and g is corrected by taking always 975 755, or g+—= — 3 


7752 
nearly for each ſucceſſive value of g; or g is corredied 


by adding always 2 to the next preceding value of 2. 


and laſtly, wy is corel by taking for = new values 


— 


ſucceſſively n 5 - 7 55 55 or by adding always =: - bk, or — b 


2s - 7 
nearly, to the preceding value of þ; ſo that the three 


x corrections are e made by addin g always, 


S to the value of Ph, 
= * b to the value of 2, | 
= 6 to the value of h. 


Before we proceed to the experiments it may not be 
improper to take notice of three ſeeming cauſes of error, 
which have not been brought to account in our theorem 
for determining the velocity of the ſhot; and to examine 
: here whether their effects can ſenſibly affect the conclu- 
; ſion. Theſe are the penetration of the ball into the 
5 wood of the pendulum, the reſiſtance of the air to the 
back of it, and the friction on the axis: by each of theſe 
three cauſes the motion of the pendulum ſeems to be 
retarded. The principle on which our rule is founded | 
ſuppoſes the momentum of the ball to be communicated 


to the pendulum in an inſtant; but this is not accurately 
4 | the 
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the caſe, becauſe that this force is communicated during 
the ſmall time in which the ball makes the penetration; 
but as this is generally effected before the pendulum has 
moved one-tenth of an inch out of its vertical poſition, 
and uſually amounts to ſcarcely more than the 200th 
| part of a ſecond, its effect will be quite imperceptible, and 
5 therefore it may ſafely be neglected in theſe experi- 
ments. As to the ſecond retardin 8 force, or the reſiſtance | 
of the air to the back of the pendulum, it is manifeſt | 
that it will be quite inſenſible, when it is conſidered that ̃ 
ao velocity is not more than three feet i in a ſecond, that 
0 its ſurface | is but about twenty inches ſquare, and that its 1 
: weight 18 four or five hundred pounds. Neither can the 2 
effect of the laſt cauſe, or the friction ON the axis, ever n 
amount to a quantity conſiderable enough to be brought 

into account in theſe experiments: : for, beſides that care 
was taken to render this friction as ſmall as poflible, the 
effect of the little part which does remain is nearly ba- 
lanced by the effect it has on the diſtance of the center of 
oſcillation; for as this center was determined from the 5 
actual vibrations of the pendulum, the friction on the axis 
would a little retard its motion, and cauſe its vibrations to 
be flower, and the conſequent diſtance of this center to 
be greater; ſo that the other parts of our theorem being 
multiplied by V, or the root of this diſtance, which is 


28 
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as the time of a vibration, it is evident that the friction 
in the one caſe operates againſt that in the other; and 
that the difference of the two is the real efficacious cauſe 
of reſiſtance, and which therefore is either equal to no- 
thing, or very nearly ſo. 

Theſe general cauſes of error in the principles of rhe 
experiments are therefore ſafely omitted in the theorem: 
and our only care muſt be to guard againſt accidental 
errors in the actual execution of the buſineſs. 


O be experiments. 


The gun, with which the experiments were made, 
was of braſs; 4 the diameter of the bore or cylinder at the 
| | muzzle was 22 Or 2.16 inches; but i its diameter next the 
breech was a ſmall matter leſs, being there only 225, or 
2.08 inches; ſo that the greateſt caſt-iron ball it would 
admit wasjuſt 19; ounces avoirdupois, or 13 : pound want- 
3 ing half an ounce; but ſometimes leaden balls were uſed, - 
N which weighed above 12 pound, and ſometimes long or 
, cylindrical ſhot which weights near three pounds; the 
length of the bore was 423, or 42. 6 inches, ſo that it 
was nearly 205 calibers long. 5 
The powder uſed was of the ſort which i is commonly 
made for government; the quantity was two, four, or 
Vol. LXVIII. * K eight 
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3 Mr. HUTTON on the initial 
eight ounces to a charge, which was always put into a 
light flannel bag, and rammed more or leſs, as expreſſed 
in each day's experiments, but without ever uſing any 
wad before it. 

The diſtance of the gun from the pendulum was 29 


or zo feet; which diſtance was found by firing the piece, 
with eight ounces of powder without a ball, at different 
diſtances, till the force of the elaſtic fluid was found not 
to move the pendulum. 
The penetrations of the balls into the wood were at- 
tempted to be taken, but were ſoon neglected on aceount 
of their uncertainty, becauſe of ſo many balls ſtriking i in 
or near the ſame part of the wood. The depth of the 
penetration ſeemed to be near about three inches in ſolid 
| wood when two ounces of powder Was uſed. 
The firſt courſe of experiments was on the x 3th of 
May, 1775, it being a clear, dry day. The weights and 
; meaſures then taken were thus, VIS. 


P = "208 pounds, the weight of the pendulum, 
2272 inches, the diſtance of the center of gravity, 


5 = 88 inches = = 75 feet, the diſtance of the center of | 


ofcill ation, 
1 2 027 inches, the Jl to the bottom or tape. 


The value of þ = 88 Was determined from the 5 


of forty vibrations bein 8 made in a minute; for as 
4 40 
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40˙: 60% : 4:9 :: 39.2: 88. The number of ſhot was 


eight, and the circumſtances and reſults as exhibited i in 


the following table. 


1 „ L'i»‚„ ea 
G = 
JED. © my Flaw] == [Values [Values | Chord | Veloc 
818 EE [a= 8 2 * OD] oY 4 
e [So [8 53828 | of p. | of g. [of the per ſe- 
2. m 5 = 88 


8 
d 


: Pounds 


Pounds 


Inches. 


| Inches. 


1 97| 3 
1 97 
A 96 


— 
A E 


— 
— 
A 


1.094 
(i 1.094 


1.094 


1.078 
41 | 1.078 | 


328.0 
| 329-1 | 
330.2 


| 337-3] 


332-3| 
3334 


K» 


— 


72.0 


72.2 
72.3 
723 
72-4 | 


72.1 


ͤä„ä—— 


13.0 


I 


16.2 


17.8 
18.1 
17.6 
16.3 | 
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cauſed by ſome unperceived accident. 


+> NS: * 2 2 06 8 8 


%% 45 [92 ſk | 78 334.4 72-5 | 24.0 | 881 | 
| 8 [1-96 4:5 190.5 17 1.963] 335-5 72-5 [ 25.0 | 959 | 


By computing the velocities from our theorem inveſ- 
tigated in the corollary, they come out as they are here 
regiſtered i in the laſt column of the table, and they are 


all pretty regular excepting the firſt one, which i is about 
# one-fourth part leis than the reſt with the ſame weight 
of powder, and which irregularity muſt. have been 


The values of þ 


and g were each corrected by their reſpective theorems; 


but the value of þ was kept the ſame (7; feet) through- | 


out, 
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out, becauſe that its correction was ſo ſmall as not to 


make a difference of above a foot or two at moſt in the 
velocity: and for the fame reaſon this correction is 
neglected, as quite unneceſſary, i in the reſt of the experi- 


ments of the other days following. 


The mean velocity of the ſecond, third, fourth, fifth, : 


and ſixth numbers is 626, and of the ſeventh and eighth 
it is 915; that 1s, the velocity with two ounces of pow- 
der was 626 feet per ſecond, and that with four ounces 


was 91 5 feet; and theſe two velocities are in the ratio of 
1 to 1.46. But the mean weight of the balls in the 


former caſe was 17 5 Ounces, and in the latter it was 17- 
ounces; and the ratio of the quantities of powder was 
5 that of 1 to 2. But the direct ſub- duplicate ratio of the 


powder, compounded with the inverſe ſub· duplicate 
ratio of the weights of the ſhot, forms the ratio of 1 to 


1.42, which is nearly equal to the ratio (x to 1 46) of | 


1 velocities; that is, in this inſtance the velocities are 


very nearly as the ſquare roots of the quantities of pow- 4 


der directly, and the ſquare roots of the weights of the 


balls inverſely. The powder was forced up with only 
one ſtroke of the rammer. 


The ſecond courſe was performed on the 3d of June, 
1 775, which was a clear, dry day, but windy. Some of 


7 | the 
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the experiments of this day are doubtful, as indeed is 
evident from their irregularity, on account of the wind 
blowing the tape, which was not very properly ſecured 


by the little brazen machine through which it was made 
to ſlide. 


The powder was taken from the bottom of a barrel, T. 
and the charges rammed a little cloſer than thoſe of the 


; former day; and ſo tight did the ſhots fit towards the 
1 breech, that many ſtrokes of the rammer were neceffary 
co drive them home. 


The fourth and fifth ſhots were of a jon 8 form, which 
may be called ſpherico-cylindrical, as they were cylinders, 
terminated by hemiſpherical ends, ſo that their ſection 


; through the axis was of this form ©, and the length of 
the axis was near double the diameter of the ſhot. 


The fourth ſhot, or firſt of the long ſort, ſtr uck ſide- 
ways, making a hole of the ſhape of the above ſection, 


only its len gth or axis was not horizontal but vertical, 
thus 0. 


The laſt ſhot by obliquely in x the wood; it Cn 


to have ſtruck with its end foremoſt, or nearly ſo, as the i 
| oblique poſition in which it lay ſeemed to be cauſed by 
its ſtriking againſt a former ſhot lodged in the wood, 


with the hance of its end, ſo as to flatten it in that part. 
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Of the pendulum, the weight, length, and centers of 
gravity and of ofcillation were the ſame as when taken 
the former day before the experiments were made; the 
former balls having been extracted, and the holes filled 
.” up with wood. 
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Here the firſt ſhot i is again fo ah native than the 3 
two following ones, that ſome irregularity muſt have 4 


attended it, ON which account we cannot make any uſe 1 
of it. The mean between the ſecond and third is 9733 
and between the fourth and fifth the mean is 749; that 
is, the velocity of the 19 ounce ball ! is 97 3, and that of 
the 46- © OUNCE ſhot 749 feet per ſecond, which two num- | q 
bers are in the ratio of 1 3 to 1. But the reciprocal ſub- 
duplicate ratio of the weights (19 and 468) is the ratio 
of 1.54 to I: therefore, in this inſtance, the velocity of 
the heavier ſhot is a little leſs than would ariſe from the ': 


inverſe 


p 
>. # 1 5 
bon 


in the experiments of this day Was rammed i in the ſame 
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inverſe ratio of the ſquare roots of the weights of the 
ſhot. But the accurate ratio cannot certainly be drawn 
from theſe numbers, on account of the doubtfulneſs of 
ſome of them, as was before obſerved. 

It is very remarkable, that in the experiments of this 


1 day, the mean velocity with two ounces of pow der is 


973, whereas it was no more than 626 in the former 
day with the ſame quantity of powder, notwithſtanding 
the balls were heavier with the greater velocity in the 


I proportion of 19 to 1 7 nearly. This remarkable dif- 


ference muſt be chiefly owing to the windage in the firſt 
courſe: and from hence we may perceive the great ad- 
vantage to be gained by the uſe of balls approaching 1 in 


proportion nearer to the diameter of the bore of the gun 


than what is preſcribed in the preſent eſtabliſhment. 
Poſſibly, however, ſome part of this difference might be 
owing to ſome ſmall inequality in the powder, as that 
which was uſed this day was taken from the bottom of 


J a barrel. Perhaps alſo ſome part of the effect may be 
7 owing to the greater degree of ramming which the pow- | 


der had! in this courſe. Es 


The third courſe was made on the 12th of June, 
1775, it being a clear, dry, and calm day. The powder 


degree 


3 
Li 
— — 
-. ay 


l —_— 
BEAT, am 
- 2, „ Cr ͤ— 
3 
— - 


—- pa ** 


— — — FR 
* - 4 8 — 2 — 
ha 7 8 
- - « — 2 2 ws * — þ 5 > —_— — — > 3p t rhe @ _ — 
Ls * 7 oy - — — . — 1 2 8 
3 * — 4 bs - _—_— * ag — $4 2 = — oy 9 
— . - * 8 — SEX 8 
— - - _ = * FS 1 0 4 th _ he 5 ww ak = — 
* "__ - bl — bd = < —— — * * - - = - 3 1 - PR —_ - 
7 bt . 2. > — 44 
* 4 — - = 1 * U 
—— — u—j— —¼⅜ | 
p = > — — 2 Px - - — — — 
3 = =_— — , 
—_ 7 * - \ —= —u— 
* -_ 
— 
Þd — — — 
1 n —— 
8 3 . — 22 l 
a — - — 
— SY 


c 2500+ 


_ ounces, the mean velocity with two ounces of powder i is 
7 58, and that with four ounces of powder is 1043 feet 


72 Alx. HUTTON on the initial 


degree as in the laſt one. It was alſo nearly the ſame in 
the ſucceeding days, as may be perceived by inſpecting 
the fourth column of each courſe, which, denoting the 
height of the charge, ſhews the degree of compactneſs 
with which the powder was lodged in the piece. The 
dimenſions, as taken this day, were thus: 
P = 324 pounds, the weight of the pendulum. 
2 71.4 inches, the diſtance of the center of gravity. 
5 = 88 inches = 73 teet, the diſtance of the center of 
oſcillation. 1 


— 


7 = 102; inches, the whole length to the tape. 


E 


ST — — N K 285 — ky — e 1 
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Here the common mean weight of the ball is 1 g: 


per ſecond. The ratio of theſe two velocities is that of 
1 tO 
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1 to 1.4T4; that is, accurately the ratio of the ſquare 
roots of the quantities of powder. | 


OF be experimen ts made with the other Banden which 


15 repreſented in fig. 2. 


The firſt | pictulom was | gradually more and more 


rent and ſhattered by the firing of ſo many balls into it, 
| till at the end of the laſt courſe of experiments It had 
become quite uſeleſs. Another was then fitted up, and 


with it were performed the two following courſes. 


This ſecond pendul um conſiſted of a cubical block > 
of ſound elm, of near two feet long, fixed to the iron 
1 ſtem, but not exactly in the manner of the former; ; for 


in this the ſtem was placed vertically over the cont of 
the top-end, to which point it continued whole, but 


there divided in two, each paſling to right and left over 


the top down the tides, and returning alon g the bottom, 


and being at proper intervals faſtened to the wood with 
iron pins. A thick ſheet of lead was faſtened over each 
of the two upright faces into which the ſhot were to be 
fired, both to guard them from ſplintering very much, 
and to add to the weight of the pendulum. The whole 
was then firmly ſecured by two very thick iron bands or 
hoops, paſſed horizontally quite around the wood, and 
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firmly fixed to it, the one next the upper end, and the 
other near the lower, ſo as ſtrongly to reſiſt the endea- 
vours of the ſhot to ſplit the wood. 

The whole weight of the pendulum, thus fitted up, 
was 5 5 2 pounds; its whole length, from the middle of 
the axis to the tape at the bottom, was 101 inches; the 
_ diſtance to the center of gravity was 78 inches; and the 
diſtance to the center of oſcillation was 88 inches equal 
to 73 feet, which was exactly the ſame as that of the 
former pendulum, their numbers of vibrations being 
alike in the ſame time. 

Inſtead of ſuſpending this pendulum, after the man- 
ner of the former, by the ends of its axis in grooves 

turned to fit them, they were only placed on flat, level 
Pieces of wood, on which this pendulum vibrated much 
freer than the other did; but a ſmall nail was driven 
into the ſupporting wood, juſt behind each end of the 
axis, to prevent the ſtroke of the ſhot from throwin 8 it 
off the ſtand. | 
To this pendulum Was adapted a better machine for 
the tape to ſlide through than the former one was, the 
inconvenience of which had often been experienced by 
its catching and entangling the tape, ſo as to interrupt its 
free motion, and once indeed to break it. This new one, 


however, is at once very ſimple, and perfectly free from 
every 
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every inconvenience, giving juſt the neceſſary degree of 


friction to the tape, without ever ſtopping its motion; ſo 
that of the real quantity drawn out by the vibration of 


the pendulum there could not poſſibly be the leaſt doubt. 


This ſimple contrivance conſiſted barely of about fix or 
eight inches of the liſt of woollen cloth faſtened upon 
the arch of a ſmall piece of wood, which was ſhaped 
into the form of the ſegment of a circle thus MW the 
; | tape being made to paſs through between the curved ſide 
and the liſt, which was moderately ſtretched and faſtened 


by its two ends to thoſe of the little arch. 
Upon the whole, the machinery was all fo perfect, = 


and every circumſtance attending the experiments of 
1 the two enſuing days ſo carefully obſerved, that I can 
with great ſafety rely on the concluſions reſultin 8 from 


them. And as thoſe of the one day were made with 


leaden balls, and thoſe of the other with iron ones, 
which differ greatly i in weight, every other circumſtance 


being t the ſame, they afford very good means for diſco- 
vering the law of the different weights of ſhot, while 
the variations in the powder from two to four and 
eight ounces furniſh us with the rule for the different 


| quantities of it, 


L 2 The 
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The fourth courſe was on the 20th of July, a fine 
clear day. The powder was a mixture of ſeveral of the 
ſorts made for government, and the balls were of lead. 

The quantities of powder were two, four, and eight 
ounces alternately; and the dimenſions at firſt were thus: 


9 * 5 52 pounds, the whole weight of the pendulum. 
112 101 inches, its whole length. 
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2 8 inches, the diſtance of the center of gravity. 
þ = = 88 inches = 74 feet, that of the center of oſcil- 
lation. 
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Let us now collect together the feverat velocities be- 
longing to the ſame quantity of powder, in order to take 
their means, thus : 
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9” 
Veloc. with Veloc. with Veloc. with 

2 ounces, 4 ounces, 8 ounces, 

612 879 1164 

622 „ 1154 

605 $870 C00 

3)1839 Dae 33487 

The means, 613 873 1162 


bt. At 


The uniformity of theſe velocities is very ſtriking, and 
1 the means with two, four, and eight ounces of powder | 
are 613, 87 3, and 1162, which are in the ratio , 
1.424, and 1.9; theſe numbers are nearly 1 in the ratio 
| of the ſquare roots of the quantities (2, 4, and 8) of 
powder, the numbers in this latter ratio being 1, 1.414, 
and 2, where the ſmall difference lies chiefly i in the laſt 
number. A ſmall part of this defect in the greateſt velo- 
city is to be attributed to the mean weight of the balls 
uſed with it being greater than in the others; ; for the 
mean weight of the balls uſed with eight ounces of pow- _ 
der is 285 ounces, while that with the two and four 
ounces 18 only 282; the reciprocal ſub- duplicate ratio of 
theſe is that of 1 to 1.006, in Which proportion, in- 
creaſing 1. 9 the number for the greater velocity, it be- 


comes 1.91, which till falls ſhort of 2 by . og, which is 
about the Ad part too ſmall for the ſub-duplicate ratio of 
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the powder. This defect of a 22d part is owing to three 
evident cauſes, vis. x. The leſs length of cylinder 
through which the ball was impelled; for by inſpecting 
the fourth column, denoting the height of the charge, 
it appears, that the balls lay three or four inches nearer | 
to the muzzle of the piece with the eight ounce charge 
than with the others. 2. The greater quantity of elaſ- 
tic fluid which eſcaped i in this caſe than i in the others by 
the windage; this happens from its moving with a 
greater velocity, in conſequence of which a greater quan- 
tity eſcapes by the vent and windage than with the ſmal- 
ler velocities. 3. The third cauſe i is the greater quan- 
tity of powder blown out unfired in this caſe than i in 
that of the leſs velocities; for the ball which was im- 
pelled with the greater velocity would be ſooner out of 
the piece than the others, and the more ſo as it had a leſs 
length of the bore to move through; and if powder fire 
in time, which cannot be denied, although indeed that 
time 18 manifeſtly very ſhort, a greater quantity of it 
muſt remain unfired when the ball with the greater ve- 
locity iſſues from the piece, than when that which has 
the leſs velocity goes out, and till the more ſo as the 
bulk of powder which was at firſt to be inflamed in the 
one caſe ſo much exceeded that in the others. The 
effect, however, will ariſe chiefly from the firſt and laſt 
1 5 of 
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of theſe three cauſes, as that of the ſecond will amount 
to very little; becauſe that the effect ariſing from the 


greater velocity with which the fluid eſcapes at the vent 


and windage, is partly balanced by the ſhorter time in 


which it acts. 


From the above reflections we may alſo perceive, how 

5 ſmall the quantity of powder 1 is which is blown out un- 
fired in any of theſe caſes, and the amazing quickneſs 
with which it fires i in all caſes: for although the time in 


which the ball paſſed through the barrel, when impelled 


| by the eight ounces of powder, was not greatly different 
| from the half only of the time in which it was impelled > 
by the two ounces, it is evident that in half the time 

F there was nearly four times the quantity of powder fired. ; 


The fifth or laſt ect was on the 2 iſt of September, 


I77 55 fine clear weather, but a little windy. e 
The machinery and the balls were of i iron, but pow- 


| der the fame as in the laſt courſe, and the dimenſions w” 


| follows: : 
P25 5 3 pounds, the weight of the nn 
* 101 inches, its length. 

98278 inches, the diſtance of the center of gravity. 
12 84. 775 inches = 7.065 feet, that of the center of 


oſcillation, the peudulum making 68 vibrations in 


Io0 ſeconds. 
Nuraber 
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Weight of 
eight of 


powder, 


Struck be- 
low the 


| Weight of | 
the ball. | 


Weight of 
the ball, 5. 


of p. 


| Values Values 


of g. 


Oz. 


Inches 


| inches, Oz. Dr. | 


Pounds 


— 


Inches. 


2.062 3. 
2.062 4.3 
6.7 


F 
| Jo 


2.062 
2.070 


2.080 
6.7 
3 
| 43 
2.049 | 6.7 
2.047 | 3. 
2.037 5 
2.036 6.7 
2.03443 
2034 4.3 
| 4. 031. | 


2.064 
2.060 
2.058 


hd hen 
wm O 
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| | 
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4-3 | 
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„ 
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00 W 
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18 
18 


S 
8 8 


553.0 


554-2 


555-5 
556.8 
| $58.1 
1 $59-4 
$60.9 


78.1 
78.1 


78.2 
18.2 
78.2 
78.2 


Lots 
| 78.3 
1.7% 
78.3 ö 


2 


78.4 
78.4 
78.4 |! 
1178.5 


— — c * 


Let us now take the means among thoſe of the Lame. | 
quantity of powder, thus: 


Veloc. 
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A W W Veloc. with 
2 ounces. 4 ounces, 8 ounces. 


702 n 1419 
682 1020 1332 
695 948 1443 
703 973 1360 
725 8 1412 


55807 1 556986 


rhe means, 701 „ 2397 


— 


1 


And theſe mean velocities with two, four, and ei ight 
ounces of powder, are as the numbers I, I:41 6, and 


1.993; but the ſub-duplicate ratio of the weights (two, 


four, and eight) of powder gives the numbers 1, 1.414, 
and 2, to which the others are ſufficiently near. It is 
obvious, however, that the greateſt difference lies in the 


laſt number which anſwers to the greateſt velocity, and 
which i is again in defect. It will {till be a little more in 


defect if we make the allowance for the weights of the 


balls; for the mean weight of the balls with the two 
and four ounces is 183 ounces, but of the eight ounces 
it is 182; diminiſhing therefore the number 1. 993 in 
the reciprocal ſub-duplicate ratio of 1 85 to 184, it be- 
comes 1.985, which falls ſhort of the number 2 by 
015 or the 133d part of itſelf; which defect is to be 
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82 2 HUTTON on the initial 
attributed to the ſame cauſes as it was in the laſt courſe 
of experiments before explained. 

a us now compare the corref pondin g velocities in 


this courſe and the laſt. 


In this courſe they are 701, 993, 1397; 
In the laſt they were 613, 873, 1162. 


” Now the ratio of the firſt two numbers, or the velocities | 
with two ounces of powder, is that of x to 1. I4 36; the 
ratio of the next two, is that of 1 to 1.1375; and the 

ratio of the laſt i 18 that of 1 to 11 2022. But the mean 
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powder 284 ounces in the laſt courſe, and 1 83 ounces in 


— — 
* ** 
* PET = 
— —— — — 
py — = - 
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this; and for eight ounces af powder, it was 28: in the 
laſt, and 1835 in this: taking now the reciprocal ſab- 
duplicate ratios of theſe weights of ſhot, we obtain the 
ratio of 1 to 1.2 24 for that of the balls which were 
5 fired with two ounces and four ounces of powder, and 
the ratio of 1 to 1.241 for the balls which were fired 
with eight ounces. But the real ratios above found are 
not greatly different from theſe. And the variation of 
the actual velocities from this law of the weights of 
| ſhot incline the ſame way in this courſe, as they ap- 
_ peared to do in the ſecond courſe of theſe experiments. 
4 We 


Pelocities of Cannon Balls, cc. 83 

We may now collect into one view the principal in- 
ferences that have reſulted from theſe experiments. 

1. And firſt, it is made evident by them, that powder 

fires almoſt inſtantaneouſly, ſeeing that almoſt the whole 


of the charge fires though the time be much dimi- 
niſhed. 


the ſame weight, with different quantities of powder, 


| Try nearly in the ſub-dupli icate ratio of thoſe quantities. 
14 very ſmall variation, in defect, taking place when "_ ; 


quantities of powder become great. 


3. And when ſhot of different weights are fired with | 
| the ſame quantity of powder, the velocities communi- 
cated to them are nearly in the reciprocal ſi ub-duplicate 


ratio of their wei ights. 


4. So that, univerſally, ſhot which are of different ; 


| weights, and impelled by the firing of different quanti- 


ties of powder, acquire velocities which are directly as 
the ſquare roots of the quantities of powder, and in- 
ard as the ſquare roots of the weights of the ſhot, 


bs, X 
1 
* 
* g 


tillery to make uſe of ſhot of a long form, or of heavier 


matter; for thus the momentum of a ſhot, when fired 


M 2 - with 


2. The velocities communicated to balls; or ſhot of 


s. It rant therefore be a great improvement in ar- 
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1 
1 


4 +8 
1 1 


24 
with ine fame weight of powder, would be. increaſe; in 
the ratio of the ſquare root of the weight of the ſhot. 
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6. It would alſo be an improvement to diminiſh the 
windage; for by fo doing, one-third or more of the 


; en of powder might be ſaved. 


7. When the improvements mentioned in the laſt two 


5 artictes are conſidered as both taking place, it 18 evident I 
that about half the quantity of powder might be faved, 


which is a very conſiderable object. But important 


as this ſaving may be, it ſeems to be ſtill exceeded by that 
of the article of the guns; for thus a ſmall gun may be 
made to have the effect and execution of one of two or 
three times its ſize i in the preſent mode, by diſcharging : a 
thot of two or three times the weight of its natural ball 
or round ſhot. And thus a ſmall ſhip might diſcharge 

| ſhot as heavy as thoſe of the greateſt now made uſe of. 


Finally, as the above experiments exhibit the regu- 


” lations with: regard to the weights of powder and balls, 
5 when fired from the ſame piece of ordnance, &c.; ſo 
by making ſimilar experiments with a gun, varied in its 


length, by cutting off from it a certain part before each 


courſe of experiments, the effects and general rules for 


the different lengths of guns may be certainly deter- 


_ mined by them. In Torts the Principles on which theſa 
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r were made, are ſo fruitful in conſequences, 
4. 

that, in conjunction with the effects reſultin g from the 
reſiſtance of the medium, they ſeem to be ſufficient for 
| anſwering all the enquiries of the 1] peculative philoſo- 
— as well as thoſe of the practical artilleriſt. 
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IV. 4 new Caſe in Squinting, by Eraſmus Darwin, 


M. D. F. R. S.; communicated 2 Thomas Aſtle, 7. 
1 


1 Litchfield, March 10, 1777. 
Read Jan. 15, f 
+ i + 


from its novel ty. 


1. He viewed every object which was. ; preſented to 


lima with but one eye at a time, 
2. If the object was preſented on his right-ſide, he 


viewed it with his left eye; and if it was preſented on 
his left ſide, he viewed it with his right eye. 


3. He turned the pupil of that eye, which was on the 


ſame ſide with the objeR, i in ſuch a direction that the 


image 


"H E following caſe in ſquinting, as a 
ſimilar one bas not been recorded or 
* by others, may perhaps merit your attention 


About ſix years ago I was defired to ſee a child of the | a 

reverend Dr. SANDFORD, in Shropſhire, to determine if 

any method could be deviſed to cure him of ſquinting. 
The child was then about five years old, and exceedingly 
tractable and ſenſible, which enabled me to make the 
a following obſervations upon him with great accuracy 
and frequent repetition. 


* 
r 
% © IM 


Dr. DARWIN on a new Caſe, 8c. 87 
image of the object might fall on that part of the bot- 
tom of the eye where the optic nerve enters it. 

4. When an object was held directly before him, 
he turned his head a little to one fide, and obſerved it 
; with but one eye, vis. with that moſt diſtant from the 


WM object, turning away the other in the manner above de- 


x | ſcribed; and when he became tired with obſerving it 
I with that eye, he turned his head the contrary way, and 
obſerved it with the other eye alone, with equal facility * 
but never turned the axes of both eyes on it at the fame 


3 5 time. 
J 5. He ſaw letters, which were written on bits of Pa- 
15 per, ſo as to name them with equal eaſe, and at equal 
| diſtances, with one eye as with the other. 

6. There was no perceptible difference in the diame- 


4 ters of the iriſes, nor in the contractibility of them, after 


5 having covered his eyes from the light. Theſe obſerva- 
b | tions were carefully made by writing ſingle letters on 
| a ſhreds of paper, and laying wagers with the child that 
hne could not read them when they were preſented at 
| certain diſtances and directions. 

From theſe circumſtances it appeared, that there was 


no defect in either eye, which is the common cauſe of 
{quinting, ſo well obſerved by M. BUFFON and Dr. REID; 
and hence, that the diſeaſe was ſimply a depraved habit 
of moving his eyes, and might probably be occaſioned 

by 


Dr. DARWIN o a 


x 
1 by the form of a cap or head-dreſs, which might has 
been too prominent on the ſides of his face, like bluffs 


uſed on coach-horſes; and might thence, in early infancy, 
have made it more convenient for the child to view ob- 
jects placed obliquely with the oppoſite eye, till by habit 
the muſculi adduclores were become ſtronger, and more 
ready for motion than their antagoniſts. 
A paper gnomon Was made, and fixed to a cap; and 


1 


when this artificial noſe was placed over his reaFnoſe, ſo 

= project an inch between his eyes, the child, rather 
than turn his head ſo far to look at oblique objects, im- 3 
mediately began to view them with that eye which was 
next to them. But the death of Dr. SANDFORD, which 


happened ſoon after, occaſioned the removal of his fa- 
mily ; and the grief and cares of Mrs. SANDFORD pre- 
vented this, and the other methods propoſed, from being 
put in execution. 

About a month ago 1 had again an opportunity of 


ſeeing maſter p. SANDFORD, and obſerved all the circum- 
ſtances of his mode of viſion to be exactly as they were 
{1x years before, except that they ſeemed eitabliſhed by 
longer habit; ſo that I could not by any means induce 

him to bend the axes of both his eyes on the ſame object, 

not even for a moment. 0 


A gnomor. i 


2b a T7 
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A gnomon of thin braſs was made to ſtand over his 
1 with a half circle of the ſame metal to go round 


his temples; theſe were covered with black ſilk, and by 


means of a buckle behind his head, and a croſs- piece 
over the crown of his head, this gnomon was managed 
ſo as to be worn without any inconvenience, and pro- 


jected before his noſe about two inches and an half. By 
me uſe of this gnomon he ſoon found it leſs inconve- 


nient to view all oblique objects with the eye next to 


: them, inſtead of the eye oppoſite to them. 


After this habit was weakened by a week's uſe of the 


gnomon, two bits of wood, about the ſize of a gooſe- 
- quill, were blackened all but a quarter of an inch at their 
ſummits; theſe were frequently preſented for him to 
look at, one being held on one fide the extremity of his 
black gnomon, : and the other on the other ſide of it. As 


he viewed theſe they were gradually brought forwards 
bey ond the gnomon, and then one was concealed behind 


the other : by theſe means, in another week, he could 


bend both his eyes on the fame object for half a minute 


together, 


By the practice of this exerciſe before a glaſs, almoſt 
every hour in the day, he became in another week able 
to read for a minute together with his eyes both directed 


on the ſame objects; and I have no doubt, it he has pa- 
Vol. LXVIII. 2 N tience 


9 Dr. DARWIN on @ 

tience enough to perſevere in theſe efforts, but he will 
in the courſe of ſome months overcome this unſightly 
habit. 


I ſhall conclude the account of this caſe by adding, 
that all the other ſquinting people I have had occaſion 


to attend to, have had one eye much leſs perfect than the 
other, according to the obſervations of Mr. BUFFoN and 


Dr. REID. Theſe patients, where the diſeaſed eye is not 
too bad, are certainly curable by covering the beſt eye 
many hours in a day; as, by a more frequent uſe of the 
weak eye, it not only acquires a habit of turning to the 


- objects which the patient wiſhes to ſee, but gains at the 


fame time a more diſtinct viſion; and the better eye at 
the ſame time ſeems to loſe ſomewhat in both theſe 


reſpects, which alſo facilitates the cure. - 


This evinces the abſurdity of the practice of prohibit- 
ing thoſe who have weak eyes from uſing them; ſince 


the eye, as well as every other part of the body, acquires 
ſtrength from that degree of exerciſe which is not ac- 


companied with pain or fatigue; and I am induced to 
believe, that the moſt general cauſe of ſquinting in chil- 


dren originates from the cuſtom of covering the weak 


eye, which has been diſeaſed by any accidental cauſe, | 
before the habit of obſerving objects with both eyes was 


perfectly eſtabliſhed. 


—2 | The 
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The facility with which maſter sAN DFoRD received 
the images of oblique objc <Cts on the inſenſible part of 
the retina of one eye, whilſt he viewed them with the 
other, induced me to obſerve the ſize of this inſenſible 
ſpot, and to endeavour to aſcertain the cauſe of it. 
There was formerly a diſpute among philoſophers, 
whether the choroid coat of the eye or the retina was the 
immediate Organ of viſion, which has lately been re- 
 vived in ſome meaſure in Nr. PRIESTLEY'S valuable Hiſ- 
7 | tory of Light and Colours; and it was then thought by 
1 one party in this diſpute, that the defect of the choroid 
| coat, where the optic nerve enters the eye, was the cauſe 
of this want of viſion in that part. 
But the following obſervation ſhews beyond a doubt 
the fallacy of this ſuppoſition: the diameter of the optic 
nerve, at its entrance into the eye, is about one-ſixth of 
an inch, and the perforation of the choroid coat, thr ough 
which it paſſes, muſt of neceſſity be of the ſame diame- 
ter: now the dark ſpot, which is ſeen in objects oppoſed | 
to the center of the optic ner ve, if it was occaſioned by 
the deficiency of the choroid coat, ſhould, at nine inches 
diſtance from the eye, be fifty-four times the diameter 
of this aperture, or nine inches in diameter; whereas I 
find, by experiment, that a paper of one inch in diameter 
could not be totally concealed at nine inches diſtance 
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from my eye; and M. LE caT by accurate obſervations 


it ſhews that the inſenſible ſpot, where the optic nerve 
enters the eye, is not owing to the deficiency of the cho- 
roid coat, intirely ſubverts the opinion of the choroid 3 
coat being the organ of viſion; for viſion. exiſts where 
the choroid coat is not. 
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found, that the inſenſible part of his eye was but be- 
tween the thirtieth and fortieth part of an inch in dia- : 


meter. This experiment is ſo eaſily made, that it can 


be attended with no fallacy; and at the ſame time that 1 


Nor 18 the inſenſibility of the center of the optic I ; 


nerve owing to the ingreſs of the arteries along with it b 
into the eye; for a large branch of this artery runs along 2] 
the bottom of the eye, where viſion is moſt diſtinct, and 5 
becauſe all this artery IS covered with the expanfe of the | 5 


retina on the external ſide of it. Mr. SAVAGE made al 


experiment for another purpoſe, which however ſhews, 
that the optic artery, where it is branched under or 


through the retina, does not much diſturb the power of 
viſion. It is this: : if you look on a white wall on a 


luminous day, with the Sun ſhining on the wall 


only by its reflected light, you will difcern the parts of 


the wall become darker and lighter at every pulſation of 


the optic artery. This darker and lighter appearance is 
Uke net-work, and not uniform like the wall itſelf; but 
— 
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the whole, though rather darker while the diaftole at - 
the artery compreſſes the retina, is yet diſtinctly viſible. 
The following circumſtance. ſeems. to give riſe to the 
inſenſibility of the central part of the optic nerve at its 
ingreſs into the eye, which L have obſerved in ſeveral 
calves' eyes. The point of a pair of ſciſſars was intro- 
duced behind the ciliary circle, and the Whole of the 
cornea, aqueous humour, iris, and cryſtalline, being rer 


moved, the retina was beautifully ſeen through the vi- 
treous humour ſomewhat magnified. On expoſing this- 
= to the ſun-ſhine, and inſpecting it with nicety, a white 
Y filament, about the tenth of an inch. in length, ariſing. 
1 from the center of the optic nerve, was ſeen aſcending 
ſtraight upwards into the vitreous humour, like a thin 
white worm. The uſe of this may be to ſupply the vi- 
treous humour or cryſtalline with nouriſhment, whe- 
| ther it be a nerve or an empty blood - veſſel; but this i is 
I certain, that its riſin g ſo high above the ſurface of the 
; retina muſt render it incapable of viſion: : whence there 


18 juſt reaſon to conclude, that this conformation muſt 
be the true cauſe of the inſenſibility of this part. of the 
eye. 
I do not affirm, chat the human eye, either during in- 
| fancy or in our riper years, is ſimilar in conformation to 
that of a calf, nor have we ſufficient opportunities to ob- 
ſerve. 
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„ 
ſerve them; but I ſuſpect this veſſel may, after the growth 
of the animal, be totally obliterated; and that, in ſome few 


inſtances, the optic nerve may even in this part become 4 
ſenſible to light. One inſtance I am certain I have 
ſeen, as it was in a man capable of the moſt patient 1 
and accurate obſervation, who on numberleſs repeated 1 
trials, at different times, in my preſence, could never 1 
loſe fight of the ſmalleſt object with either of his eyes. x 


Supplement to the caſe in ſquinting. 


IT ſince occurred to me, that the unuſual mode of 


ſquinting deſcribed in the above paper muſt have ariſen Ml 
from ſome original differcnce in the ſenſibility of {ſome 1 
parts of the eye, which might have rendered it more 
eaſy for maſter SANDFORD, when a child, to obſerve ob- 
Jects with one eye only, and that with the eve mot 
diſtant from objects preſented obliquely to him. 
Two circular papers, each of four inches diameter, 
were ſtuck againſt the wall, their centers being exactly 
at eight inches diſtance from each other. On cloſing 


one eye, and viewing the central ſpot of one of theſe 
papers with the eye furtheſt from it, and then retreating 
twents- Þþ 
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twenty-ſix inches from it, the other paper became invi- 
ſible. This experiment was made on five people of 
various ages, from ten years old to forty; and the paper 
diſappeared to them all at about this diſtance, or an inch 
or two more or leſs: but to maſter sAN DPFTORD the paper 
diſappeared at about thirteen inches diſtance from the 
wall. Theſe papers were afterwards removed to twelve 
inches, and then to four inches interval between them; 
and by the niceſt obſervations on repeated trials I found, 
that the paper, equally with one eye as with the other, 
uniformly diſappeared to him at about half the diſtance 
it did to five others. „% nn 

Another curious circumſtance i IS, that as large a Paper 
diſappeared to him at half the diſtance as it did to others 


nat the whole diſtance; and hence the inſenſible part of 
e the center of the optic nerve in his eyes is, as near as can 
ebe eſtimated, four times the area of the inſenſible part 


E of the eyes of other people, at the ſame time that the 
3 angle made between the ingreſs of the optic nerve and 


the bottom of the eye is twice as great as in others. 6 
r, It is eaſy to conceive that, in early infancy, when any 
F object which the child wiſhed to inſpect was preſented 
ag obliquely to him, that on this firſt indiſtinct view of it, 
wy a before either eye could be turned towards it, it would 
ne appcar much more brilliant and diſtinct to the contrary 
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eye, than to that neareſt the object, as fo great a part of 


it would now fall on the large inſenſible part of that eye, 


This muſt naturally induce him to view it with the op- 


poſite eye, to which it already appeared more brilliant 


and diſtinct: and this to him would be ſo much eaſier to 


accompliſh, as the inſenſible part of the neglected eye 


was great enough to receive as large a part of an object 


as is uſually viewed. at once with accuracy, and hence 
would not con fuſe the viſion of the other. 


1 muſt be g leave to add, that by wearing the artificial 
noſe he has greatiy corrected the habit of viewin g ob- £ 


jects with the eye furtheſt from them; and has more 
and more acquired the voluntary power of directing both 
his eyes to the ſame object, particularly if the object be 
not more than four or five feet from him; and will, 1 


believe, by reſolute perſeverance, intirely correct this 


unſightly deformity. Nothing but the curioſity and no- 
velty of the ſubject Can excuſe the len — of this Paper. 


1 


V. A Cure of a Muſcular Contraction by Electricity. By 
Miles Partington, in a Letter to William "_—_— ; 
F. RS 


=_. 
4 > 


Great Ruſſel- ſtreet, 
June 13, 1777. 


T is ſome time ſince you informed me that 
Y vou had mentioned to Sir JOHN PRINGLE 
2 Miſs LI NGFIELD 's cure by electricity; ; that it excited his 
g attention z 1 and that it was his opinion, that the commu- 
+4 nication of it to the Royal Society would be deemed im- 
l . portant and uſeful. I hope you will not blame my delay 
8 | | | in the compliance with your requeſt. I have waited for 


DEAR 51 , 
Read Jan. 15, 
1777. 


no other purpoſe than to obtain the lateſt account of the 

| | permanency of thoſe good effects, which ſhe had then 

3 but recently experienced from our electrical experiments 5 
upon her. Of theſe advantages we have both had re- 

| | peated confirmation; and I may now, I believe, with 
| ſtrict propriety, from the notes I made for my own ſatiſ=- 
faction, ſubmit the following particulars of them to the in- 
5 ſpection of whomſoever your judgement ſhall direct, or to 
| :ppropriate them to any other purpoſe n pleaſe. As you 
Vol. LXVIII. x were 
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were preſent when 1 firſt waited on this unhappy young 
lady, you will recollect the condition in which we found 

her. Her head was drawn down over her right ſhoulder; 
the back part of it was twiſted ſo far round, that her 
face turned obliquely towards the oppolite fide, by which 
deformity ſhe was diſabled from ſeeing her feet, or the 
ſteps as ſhe came down ſtairs. The fer no-maſtoidens 


muſcle was in a ſtate of contraction and rigidity. She 
5 had no material pain on this ſide of her neck; but, owing 4 
to the extreme tenſion of the teguments of the left ſide, 3 
ſhe had a pain continually, and often i it was very violent, Y 
particularly in ſudden changes of the weather. Her E 
pulſe was weak, quick, and irregular. She was ſubject 3 


to a great irritability, had frequently a little fever, which 


came on of an evening, and left her before morning; 


her ſpirits were generally exceedingly oppreſſed, and at 
times ſhe was ſlightly paralytic. 
She dated the origin of her diſorder at ſomething 
more than two years from that period. She was ſaddenly 


ſeized, going out of a warm room into the cold air, with 
a pain upon the back of her head, which admitted of 


{mall abatement for ſome months, contracting gradually 


the muſcles to the melancholy deformity we then be- 


held; and notwithſtanding every prudent means had been 


aſed to ſubchie it, and ſhe ſtrictly adhered to every article 
preſcribed 


1 
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preſcribed to her by the faculty, ſhe was ſenſible of little 


variation ſince, and that rather on the unfavourable ſicle. 
I urged her to make a trial of Electricity. She was 
willing while ſhe was in London to try the experiment; 


and, though the weather was remarkably tempeſtuous, 


ſhe came to me the firſt tolerable day , and was electrified 
the firſt time February 18, I 777. 
I ſat her in an inſulated chair, and, connecting it by 4 


chain to the prime conductor of a large electrical ma- 
chine, I drew ſtrong ſparks from the parts affected for 
about four minutes, which brought on a very profuſe Per- 


ſpiration (a circumſtance ſhe had been unaccuſtomed to) 
which ſeemed to relax the maſloideus muß cle to a conſi- 
derable degree; but, as the ſparks gave her a good deal 
of pain, 1 deſiſted from drawing them, and only ſubjected ; 


her a few minutes longer to the admiffion of the fluid, 
which paſſed off without interruption from the pores of 
= her Kin and adjacent parts. The next time ſhe came to | 
| me was the 24th of the ſame month: as ſhe had been! in 
the afternoon of the firſt day's experiment a good deal | 


diſordered, I changed the mode of condutting, and fat 
her in a common dining-chair, while I dropped, for five 
minutes, by the means of a lar ge di ſcharging rod with a 


| | glaſs handle, very ſtrong ſparks upon the zung, folgen 


muſcle, from its double origin at the Heini, and clavi- 
92 cla 
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cula to its inſertion at the back of the head. She bore 
this better than before, and the ſame good effect fol- 
lowed in a greater degree, and without any of the ſubſe- 


quent inconveniences. I ſaw her the third time on the 


27th: ihe aſſured me ſhe had eſcaped her feveriſh ſymp- | 
toms on an evening, and that her ſpirits were raiſed by ll 


the pr oſpect of gettin g well; that, ſince the laſt time I | 4 
electrified her, ſhe had more freedom in the motion of ñ⁶ 


her head than ſhe had ever experienced ſince the firſt at- 9 


tack of her diſorder. 1 perſiſted i in electrifying her after 
the ſame manner, March 3d, 5th, 6th, 7th, and gth; from 
each time ſhe gained ſome advantage, and her feveriſh 
tendency and Nervous irritability went off entirely. 5 


The weather now ſettin g in very unfavourable, and 


fearful of loſing the advantages we had happily reaped 
from our early efforts, 1 requeſted the favour of you, as 


her next-door neighbour, to electrify her every evening 
while the w as in town, and ſhe might, if any alteration 
took place, ſee me occaſionally. Fortunately for her, 
you accepted the propoſal, and to your judgement 
and caution in the conduct of it for the next fort- 

night (three evenings only excepted) you brought about 


the happy event; and have received her teſtimony 


of gratitude for relieving her from a condition under 
2 | which 


Muſcular Contraction by Eleciricity. 
' hich life could not be defirable, to a comfortable aſſo- 
ciation with her family and friends. 


101 


I am, &c. 

THE method I purſued was, to place the lady upon 
a ſtool with glaſs legs, and to draw ſtrong ſparks, for at 
leaft ten minutes, from the muſcles on both ſides of her 
neck. Beſides this, I generally gave her two ſhocks from 
a bottle containing 15 ſquare inches of coated ſurface 
fully charged, through her neck and one of her arms, 
croſſing the neck in different directions. This treatment 
ſhe ſubmitted to with a proper reſolution; and it gave me 

fincere pleaſure to find it attended with the deſired. 
w. HENLY. =» 
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VI. An Account of a large Stone near Cape Town. 1 a 
Letter from Mr. Anderſon 20 Sir John Pringle, Bart. 
- R. S.; with a Letter from Sir William Hamilton, 


K. B. F. R. S. to Sir John Pringle, on having ſeen 
Pieces ＋ Ibe ſoid Stone. 15 


1 . ä Cape of Good Hope, 
81 R | | qe of 24, 1776. * 8 
Read Jan. 15, "HE honour you did me laſt winter 
wn. | 


when in London, by approving of the 
notes I 1 taken concerning the poiſonous effects of 
ſome fiſhes which had been eaten by part of the Reſo- 
lution's crew in her laſt voyage, has made me take the 
liberty to write to you on another ſubject, which , though 
perhaps leſs intereſting, | is yet curious enough to deſerve 
ſome attention. 
What I mean is, a ſtone of an extraordinary ſize i in 
this country „which Mr. MASSON, whoſe papers relative 
to this place were read before the Royal Society, may 
have mentioned; but it could not be in ſuch a manner 
as he wiſhed, as it was at his deſire that I went to ſee it: 
and though neither my time nor abilities were ſufficient 
to obſerve every particular worth notice, I hope my ſin- 

. 3 
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cere intention of communicating any thing uſeful or 
curious will compenſate for theſe deficiencies. 


The ſtone is ſo remarkable, that it is called by the 
people here the Tower of Babel, and by tome the Pear! 
Diamond. It either takes the laſt name from a place 
near which it is ſituated, or it gives name to the tract of 
cultivated land called the Pearl. It lies upon the top of 
a ridge of low hills, beyond a large plain, at the diftance 
of about thirty miles from the Cape Tow n, beyond 
1 which, ata little diſtance, IS a range of hills of a much 
A greater height. It 18 of an oblon 8 ſhape, and lies N orth : 
and South. The South end i is higheſt; the Eaſt and Weſt 
] £ ſides are ſteep and high; but the top 18 rounded, and 
= ſlopes away gradually to the N orth end, ſo that you can 
aſcend it by that way, and enjoy a moſt extenſive proſpect 
of the whole country. I could not preciſely determine 
its circumference, but it took us above half an hour to 
I walk round it; and by making every allowance for the 
I rugged way, and ſtopping a little, I think the moſt mo- 
4 derate computation muſt make it exceed half a mile. 
$ The ſame difficulty occurred with reſpect to knowing its 
height; but I think that, at the South-end, it is nearly 
= equal to half its length: or, were I to compare it to an 
f object you are acquainted with, [ ſhould ay it equalled 
the dome of St. Paul's Church. 


Tam: 
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I am uncertain whether it ought to be confidered as 
the top of the hill, or a detached ſtone, becauſe there is 
no poſitive proof of either, unleſs we were to dig about 
its baſe; but it would certainly impreſs every beholder, 
at firſt ſight, with the idea of its being one ſtone, not 
only from its fi gure, but becauſe it is really one ſolid 
uniform maſs from top to bottom, without any inter- 
ruption; ; which is contrary to the general character of 
the high hills of this country, they being commonly 
divided, or compoſed of different ſtrata, at leaſt if we 
may judge from the rows of plants or ſhrubs which 
grow on the ſides of the ſteepeſt, and, as I ſuppoſe, are 
- produced from the ſmall quantity of earth interpoſed 7 
: between them. It has indeed a few fiſſures, or rather F 
: impreſſions, which do not reach deeper than four or five 
feet; and near its North end a ſtratum of a more com- 
Pact ſtone runs acroſs, which is not above twelve or 
fourteen inches thick, with its ſurface divided into little 
ſquares, or oblongs, diſpoſed obliquely. This ſtratum i is 
perpendicular; but whether it cuts the other to its baſe, 
or is ſuperficial, I cannot determine. Its ſurface is alſo 
ſo ſmooth, that it does not appear to have formerly been 
joined to, or ſeparated from, any other part by violence, 
as is the caſe with many other large fragments; but en- 
| joys the exact ſituation where it was originally placed, 
5 and 


LES 
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and has undergone little change from being expoſed for 
ſo many ſucceſſive ages to the calcining power of a very 

hot climate. 

l have ſent a ſpecimen of the rock and of the ſtratum, | 

which are both what the mineralogiſts call ara conglu- 
zinata or aggregata, and conſequently are different from . 
the more ſolid ſtones which conſtitute the greateſt part : 
of the mountains here; and is likewiſe another proof of 


its being a ſingle ſtone. But it ought to be obſerved, 
that the piece of the rock was taken from a thin Piece 
or ſcale, which the weather may, perhaps, have had 

if ſome effect upon, ſo as to change or deftroy the cement 
4 3 which keeps the pieces of the different ſtones together, 

as it is very friable. 

It would be needleſs to attempt to draw any conclu- 
ſions from this ſhort deſcription; nor indeed am I cer- 
W tain if any uſeful reaſoning could be made from it. I 
: F ſhall, however, leave that to your better judgement, and 
can only ſay, as an apology for troubling you, that it 4 
; FE aſtoniſhed me to ſee its prodigious ſize; and that, 1 2 1 
had never ſeen or heard of any thing like it before, 1 \ 
| thought it worth mentioning, eſpecially as it had at- 
| | tracted the attention of one who, though he had tra- 
| velled a great way in this extenſive country, had certainly 
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not ſeen its equal, or he would not have wiſhed to have 
this particularly examined. 


SIR, FF 

1 RETURN you many thanks for the ſight of the 
ftones from the Cape of Good Hope. I have not time to 
examine them very minutely; but they ſeem to be both 
of the ſame nature, granites, the fmaller piece being 
only of a finer texture. The higheſt points of the Alps 
are compoſed of granite of the fame nature, and ſeem to 
have been lifted up by exhalations, volcanic exploſion 85 
or ſome ſuch cauſes. This fingular immenſe fragment 
of granite moſt probably has been raiſed in the ſame 
manner. Moſt of the mountains which are called primi- 


tive (which 1 believe is only a term) ar are of this. texture. 1 


* 


I am, c. 


W. HAMILTON. 


Read Jan. 22, 


4 1 


vn. 4 Leiter from Nathaniel Polhill, E. Member of 


Parliament for the Borough of Southwark, 70 Mr. John 
Belchier, F. R. S. on Mr. DEBRAW'S Improvements in 
tbe Culture of Bees ol 


DEAR SIR Fr . 
R. DEBRAW? s paper on bees, which you 


was fo obliging as to procure me, has 


1778. 


; f Z afforded me much pleaſure. As a farther diſco very of 
= the nature and operations of theſe wonderful inſects „it is 
2 matter of great curioſity, and muſt have been an high | 
entertainment to the naturaliſt who has made them the 


object of his attention; but with me; the merit of his 


publication does not end here: his diſcoveries, if pro- 
perly purſued, may be of conſiderable public utility; 4 
= thoſe who cultivate bees for profit will now be able to 
= increaſe the number of their ſtocks at pleaſure, by. adopt- 


ing his method of compelling the commons to produce 
a queen. That the working bees ſhould be capable of 


forming a queen in the manner he deſcribes, I own at 


firſt ggered my belief; and although the experiments 


(a) See Faden Tranſactions, vol. LXVI. p. 15. 
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the fact, but not leſs at 2 loſs to account for it. 


concerning them, but all very unſatisfactory. Many have 
acknowledged their i ignorance; ; and ſome have abſolutely 
pronounced them uſeleſs, and recommended their bein 8 


even BUTLER, in his Feminine Monarchy, or Hiſtory | 
of Bees, which he calls a book written from experience, 
5 deſcribes a drone- trap, which he recommends to be uſed 
for that purpoſe: and it is. at this time ſo general an opi- 
nion amongſt the bee-maſters in this kingdom, that I am 
, perſuaded, nothing but the trouble and difficulty of 


of bees by this means: 1 ſpeak now from knowledge; 


periment a fair trial. 


drones no larger than the common bees, having by 
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appeared to be deciſive, yet, as the whole depended on 
his veracity, I could not be ſatisfied without making him 
a viſit. I found him modeſt, ſenfible, and communica- 
tive, and have had as much ocular proof as the ſeaſon 
of the year would admit. In ſhort, I am convinced of 


7 — 
| ; 3 i , * = 1 >» = þ 1 P of — 
. J 2 * 5 . A b w 2 > 3 


The next diſcovery i is the uſe of the drones: every one 
who has written on the ſubj ect has given ſome opinion 
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deſtroyed, to prevent an unneceſſary waſte of hon ey: 


catching them prevents many from ruining their ſtocks 


fome years ſince I loſt a ſtrong colony by giving the ex- 


J can alſo confirm his account of the exiſtence of 


5 | accident 


. 
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— diſcovered them laſt Midſurnmer in one of 


my boxes; DEBRAW ſays, the reaſon of this difference 


in the ſize of drones he fears muſt remain among the 
arcana of nature; but I will venture a conjecture from 
the general ceconomy of thoſe creatures. The large 


drones conſume a great quantity of food, and, as ſom 


as the breeding ſeaſon is over, are all deſtroyed by 


the working bees, evidently to avoid the expence of 
keeping them: : and they do not appear again till the 


middle of April, when honey is plenty; though the 


breeding begins in March, or, if the ſpring be forward, 
the latter end of February: 2 from hence I think it 


may fairly be conchaded, that the ſmall drones are pre- 


ſerved to impregnate the eggs in ſpring, 3 in preference to 
1 the large ones, becauſe they devour leſs honey; ; and this. - 
1 is no inconſiderable object, few hives bein g fo well pro- 

EY vided as to have much to ſpare at that ſeafon. 


The only thing wanting to introduce Mr. DEBRAW's. 


x diſcoveries to general practice i is, to contrive a method of 
W making his experiments ſo eaſy, and with ſo little dan- 
ger from the ſtings of the bees, as may recommend it to 


litile farmers and cottagers in the country. This I ſhall 


endeavour to do next ſummer, and am not without 


hopes of ſucceeding; this once effected, every poor man, 
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110 Mr. POLNILL on the Culture of Bees. 
who has room enou gh in his garden to place twenty 
hives, may reaſonably expect a profit of at leaſt ten 
pounds a year, with very little trouble and without any 
expence. : ” 


„ 


vil. An improved Method of tanning Leather. By David 


Macbride, M. D. communicated by Sir John Prin gle, 
Bart. P. R. S. 


"i 5 My 36. an 
| GREEABLY to the promiſe which I 
> made you ſome years ago, I now ſend 
vou my ſecret method for the more expeditious tannin g 
of leather. If you think the letter, and paper which it 
incloſes, worthy of the Society's attention, you will pleaſe 
to preſent them. 1 have already delivered in one of theſe 
ſets of inſtructions to our Dublin Society (who have been 
acquainted with the whole progreſs of this affair ſince 


the beginning) and have ſent two others to the Societies 


Read Jan. 22, 
177 8, 


which are eſtabliſhed j in London and Edinburgh, for the 
purpoſe of encouraging trade and manufactures; as 
judging it will be more in their way than in the Royal 
Society's to extend the utility of this invention: for I 


apprehend it will require ſome encouragement from 


them, 
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them, in the way of premium, to ſet the buſineſs a- go- 
ing, ſo ſtrong are the prejudices amongſt tradeſmen of 
all ſorts againſt trying new practices, and ſuch the re- 
luctance with which they quit their ancient ways of 


working. 


I am, &c. 


| OT | „ © - 
| SIR, | | May J 3% L777}. 


YO U may pleaſe to remember that I informed you, 


ſome years ago, of my having found out a way of tan- 
ning leather in leſs time, and at a ſmaller expence of 1 
5 materials, than can be done by any of the ways hitherto br 
| known or practiſed; and promiſed that, as ſoon as I 3 
ſhould find myſelf at liberty to diſcloſe it, I would com- * 
municate my method to the Royal Society. n 


Accordingly I take the liberty of incloſin g a ſer of | 
inſtructions, which I drew up for the perſon who con- 


ducted the buſineſs of a large tan-yard belonging to a 
company with which I have had an engagement for 


theſe laſt four n: which I apprehend will be found 
ſuffi- 


| Method of tanning Leather. "T0 
ufficiently clear for enabling any intelligent tanner to 
avail himſelf of my improvements. 
I beg you will preſent this paper to the Society; but, 
as it cannot be underſtood by gentlemen who are not 
already, in ſome degree, acquainted with the ordinary 
proceſs of tanning, I muſt requeſt their indulgence while 
{ mention the principal operations in this branch of 
manufacture. | " 
. uſe of tanning is two-fold; firſt, to preſerve the 
leather from rotting - and, ſecondly, to render it imper- 
vious to water. 5 ” 
An infuſion of any frongly-aftrin gent vegetable will 
ſerve to tan leather, ſo far as to prevent its rotting; but 
if this vegetable does not contain a good deal of gum- 
reſin, i it will not anſwer for enabling it to keep out water: 
and hence it is that oak-bark, which is more abundant | 
in the gummy-refinous part than any of our common 
_ Indigenous aſtringents, is preterred to all other ſubſtances 
for the purpoſe of tanning. 
The tanners prepare their bark by gently drying it on 
a kiln, and grinding it into a very coarſe powder. They 
then either uſe it in the way of infuſion, which is called 


00ze; or they ſtrew the dry * between the layers 
I e of 
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of hides and ſkins, when theſe are laid away in the tan- 
—_— | | 


tinguiſh them from the other holes in the tan-yard, are 
termed letches. 


from all extraneous filth, and remove any remains of 


pliſhed either by ſteeping the hides for a ſhort time in a 


rolling them up cloſe, and piling them in heaps, where 
they quickly begin to heat and putrify. The hair being 
looſened is ſcraped off, and the tanner proceeds to the 
operation called fleſhing, which conſiſts in a further 
. ſcraping, with a particular kind of knife contrived for 
the purpoſe, and cutting away the jagged extremities and 


order to diſcharge the oil, and render its pores more 
capable of imbibing the ooze. The tanners of this 
country generally make their ley of pigeon's dung; but 
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The ooze is made by maceratin g the bark in common 
water, in a particular ſet of holes or pits, which, to diſ- 
The firſt operation of the tanner is to cleanſe his hides 
fleſh or fat which may have been left behind * the 
butcher. 


The hair is next to be taken off, and this is accom- 


mixture of lime and water, which is termed limin g; or by 


offal parts, ſuch as the ears and noſtrils. 
The raw leather is then put into an alcaline ley, in 


a More 


30 handlers at random, and between each layer of leather 
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a more active one may be prepared from kelp or pot-afh, 
taking care, however, not to make it too ſtrong of the 
aſhes, nor to allow the leather to remain too lon g in the 
ley. 

The oil being ſufficiently diſcharged, the leather is 
ready for the ooze, and at firſt is thrown into ſmaller 
holes, which are termed handlers; ; becauſe the hides or 
tkins, during this part of the proceſs, are taken up, from 
time to time, and allowed to drain; they continue to 
work the leather in theſe handlers, every now and then 
ſtirring it up with the utenſil called a plunger, which 1 is 
nothing more than a pole with a knob at the end of it, 
until they think proper to lay it away in the vatts. | In 
theſe holes, which are the largeſt in the tan-yard, the lea- 
ther is ſpread out ſmooth, whereas they toſs it into the 


they ſprinkle on ſome powdered bark, until the pit is 
filled by the leather and bark thus laid in /ratum ſuper 
Aratum: ooze is then poured on, to fill up interſtices; and 
the whole crowned with a ſprinkling of bark, which the 
tanners call a heading. 
In this manner the leather 18 allowed to macerate, 
until the tanner ſees that it is completely penetrated by 


the ooze: when this is accompliſhed Which he knows by 


ä cutting 
5 
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cutting out a bit of the thickeſt part of the hide) the 
manufacture is finiſhed, ſo far as relates to tanning, ſince 
nothing now remains but to dry the goods thoroughly, 
by hanging them up in airy lofts built for the purpoſe. 
Such in general! is the proceſs for tanning calf-ſkins, and 
thoſe lighter ſorts of hides which are called butts; but 
the large, thick, heavy hides, of which the ſtron geſt and 
moſt durable kind of ſoal-leather is made, require to 
1 have their pores more thoroughly opened before the 
> ooze can ſufficiently penetrate them. For this purpoſe, 
while the hides are in the putreſcent ſtate, from being 
| allowed to heat in the manner already mentioned, and 


well ſoaked i in an alcaline ley, they are thrown i into a ſour KY 


| liquor, generally brewed from rye, in order that the 
| efferveſcence which neceſſarily enſues. may open the 
Pores. 
The tanners term this operation raiſing, as the lea- 
ther is conſiderably ſwelled, in conſequence of the con- 
Aid between the acid and alcali. This is an Engliſh 
invention; for it appears from M. DE LA LANE, Who 
Was employed by the Royal Academy of Sciences to 
write on the art of tanning, that the foreign tanners 
know nothing of this branch of the buſineſs: indeed, 
their whole proceſs, according to his account, is flovenly, 


and 


Method of tanning Leather. 117 
and even more tedious than our common method, and 
muſt make but very indifferent leather. 
When the raiſing is accompliſhed, the leather is put 
into the handlers, and worked in them for the requiſite: 
time; then laid away in the vatts, and there left to mace- 
rate until the tanning is found to be completely finiſhed, 
which, for the heavieſt Kind of leather, ſuch as this of 
which I am now ſpeaking, requires from firſt to laſt full 


i two years. At leaſt, the tanners of this country cannot 
make ſoal- leather in leſs time; what they are able tox 
perform i in England, I am not ſo » ,,sw acquainted 
with, 
It is this tediouſneſs of the proceſs which enhances 


the value of leather; and the returns being ſo ſlow, the 
trade of tannin g never can be carried on to advantage, 
but by perſons poſſeſſed of a large capital; therefore, one 
fare way of increafing the number of tanners, and of 
courſe of bringin g down the price of their manufacture, 5 
is to ſhorten the proceſs; : and if at the ſame time we can 
improve the quality of the leather, and ſave ſome what 
in the expence of tanning materials, the public will be 
eſſentially benefited in reſpect to one of the neceſſary 
articles of life. | 


All 
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All this, I will venture to ſay, can be done by pur- 
ſuing the method which is laid down in the incloſed 
paper, and which may be introduced into any common 
tan-yard. 

With reſpect to time it is poſſible, i in the way „that 
have found out, to finiſh leather in a fourth part of what 
M0 required i in the ordinary proceſs; ; for I have repeatedly 

had calf-ſkins tanned i in a fortnight or four weeks, which 
in the common way could not be done in leſs than from 
two to four months. 


I ſhall not pretend, however, to affirm, that that 125. 


neſs can be carried on in the large way with ſuch expe- 


dition; becauſe a great deal of this abridgement of time 
Was probably owing to frequent handlin g and working {1 


of the leather; but I am confident, and know it from 9 
: four years experience, that i in the ordinary courſe of bu- ; 1 a 


ſineſs, and in a common tan- yard, the tanner may ſave 

at leaſt four months out of twelve, produce better lea- 
ther, and find his bark 9⁰ much farther than in the old 
way of tanning. = 
Having premiſed thus much, 1 flatter myſelf that the 8 . 
paper of inſtructions will be found perfectly intelligible. | 
It ſhews, that the pri inciples on which my method is eſta- 
bliſhed are derived from chemiſtry, and therefore it will 
| not 
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not appear ſtrange, that theſe improvements ſhould have 
been made by a perſon of the medical profeſſion: indeed, 
they took their riſe from a ſeries of experiments carried 
on purely for medical purpoſes (the very ſame that con- 
firmed me in the opinion that infuſion of malt would 


cure the ſea ſcurvy) and any perſon who will look into 
the account of thoſe experiments, will N underſtand 
the theory of the new method of tanning 
It would be treſpaſſing on the time of the Society, "= 
enter into any detail of the circumſtances that firſt in- 
duced meto think of this matter, or to give a hiſtory of the 
progreſs of my experiments, which at firſt were made at 
home, and with little pieces of raw leather: it is ſuffi- 
cient to fay, that the efficacy of this method has been 
fully proved by the experience of near ten years (during 
which I have thought proper to * it n and L 
now beſtow it to the public. 


1 am, &c. 


(a) See the Eſſay on the Slovene Paneer of Quicker, among the Expe- 
rimental Eſſays on Medical and Philoſophical Subjects. 
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Infirucions 70 Tanners, for carrying 071 the new method 
of tanning, invented by Dr. MACBRIDE of Dublin; 
 wwhereby the leather is not only improved in its quality, 

| put tanned 111 much 405 lime, and with a ſmaller quan- 
wy of bork, than in any _ method hitherto known 
or A 


AS the r new method of tanning depends on \ this prin- 


ciple, « That lime-water extracts the virtues of oak-bark | 


"> more completely than plain water the firſt thing i in 
which the tanner is to be inſtructed, 1s the making of - 1 
lime- water. 1 
. Provide a large veſſel, in the nature of a. ciſtern, 
"i hoſe depth ſhall be at leaſt twice its diameter, and of a 
capacity adapted to the extent of the tan-y ard. 

II. This ciſtern muſt be fixed 1 in a convenient corner 
of the yard, under a ſhed, and ſhould ſtand ſo as that the 
liquor which is to be drawn off from it may run freely by 
into the letches. 

111. There muſt be: a cock fixed in the ſide of the 
ciſtern, about a foot from the bottom, to let off the con- 
tents; and there muſt be a hole in the bottom of it, of 

ODE | five 
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Gve or ſix inches diameter, which is to be ſtopped with a 
plug. Let this hole open over a gutter. 

Iv. The ciſtern muſt be covered with a flooring of 
boards, {tr ong enough to bear a man's weight; and from 
fide to ſide of this lid there muſt be an opening of two. 
or three feet wide. 
v. If it can be ſo contrived that a water-pipe may be 
led into the ciſtern, it will fave the ſervants a good deal 


of trouble; ; but if this cannot be done, a pump muſt be 
fixed i in the moſt convenient Way, for the purpoſe of 
filling it from time to time. 

VI. The ciſtern being once fixed (which is all the 

| additional apparatus that the new method of tannin g 
requires) the making of lime - water wall be found 5 
tremely ſimple and eaſy. 
vil. You are firſt to fill the ciſtern with water, and 
then, for every hogſhead that it may contain, throw i IN 
ten or a dozen pounds weight of unſlaked lime. 

VIII. Mix the lime thoroughly with the whole body 
of the water, by ſtirring it exceedingly well from the 
bottom, with a bucket and plunger, until you perceive 
that the lime is completely diffuſed, and the whole mix- 
ture grows as White as milk; leave it then to ſettle for a 
couple of days, that the undiſſolved part of the lime may 
r * R e entirely 
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entirety ſubſide, and the water become perfectly limpid, 
and clear as rock-water. Your lime-water will then be | 
fit for immediate uſe. 
I. The cock, as already ventional, is to be frxed at 
leaſt twelve inches from the bottom of the ciſtern, in 
order that only the limpid part of the lime-water may 
run off; and the uſe of the hole in the bottom, which is 
5 ordered to be ſtopped with a plug, is to let off the groſs 
and infoluble remains of the lime, as often as it may de 
found neceſſary to clean out the ciſtern. 
Ex. When the firſt brewing (as it may be termedho of 
ee is all expended, you are to fill up the ciſtern 1 
5 with water a ſecond time; ſtir up the lime from the bot- 4 
tom with the bucket and plunger, fo as to mix it | 4 
thoroughly with the whole body of the water, as before | | | 
4 directed, and then teave it to- ſubſi de for the requiſite [ | 
time. Thus you will have a ſecond. brewing of lime- | 
water; and you may go on in the ſame manner to make 
= third, fourth, , fifth, Or perhaps a fixth, or more brew- 
ings, from the original quantity of lime; provided you 
Wall find the lime-water continue ſufficiently ſtrong... 
Xl. There are two ways of knowing when lime - water 
IS s ſufficiently ſtrong. The one is by the taſte, and this a 
little practice will teach you to diſtinguiſh; the other is, 
1 —— 55 e by 
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by obſerving a certain ſolid ſcum, like the flakes of very 
thin ice, which collects and forms itſelf on the ſurface of 


the lime-water.—As long as you find this ſolid ſcum 


floating on the top of the water in the ciſtern, fo long 


you may conclude that there is no neceſſity for throwing 
in freſh lime. 


XII. But when the ſcum ets to appear, or you find 


from the taſte that the lime-water i is not ſo ſtrong as it 
ought to be, you muſt then take out the plug from the 


bottom of the ciſtern, and clear it by ſweeping away _ 
the groſs remains of lime: and after you have cleaned 
= the ciſtern, begin your brewings of lime-water a-new, . 
and proceed in the manner already directed, as to ſtirring 
up the lime, and leaving it to ſettle for the neceſſary 
time, ſo as to have your lime-water perfectly limpid. In 


this manner you may go on from year to year, and con- 
ftantly keep yourſelf in ſtock with reſpect to lime - water. 


xiIII: It is this me- water which i is now to be uſed in 
D making your ooze inſtead of the plain common water; 
and this is all the difference between the old and the 
new method of tannin g; for when your ooze is pre- 
pared, by ſteeping your bark in lime-water (in the 
tetches, as you do at preſent, only running it through 
two” letches) you are to make uſe of it in the very fame 
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way that you have hitherto uſed the common ooze, there 
not being the leaſt variation required with reſpect to any 
of the previous management before the ſkins or hides 
are fitted for the ooze. Every thing that relates to 
cleaning, liming, fleſhing, & c. is to be conducted Pre- 
ciſely as in the old or common method of tanning; and 
the goods are to be worked i in the handlers for the requi- 
ſite time, and then laid away in the vatts, with layers 
and heading of bark, juſt as you now practiſe; and when 
you obſerve that the leather is ſufficiently penetrated 
with the ooze, that is to ſay, completely tanned, you will 
take it up, dry it, and afterwards dreſs it according to the 


to obſerve, however, that the oO:ze is to be turned from 
one letch on another before it is uſed, otherwiſe it will 
| be apt to blacken the leather. 
XIV, What has been hitherto faid relates only to butts 
and calf-ſkins: as to ſoal-leather, which 18 prepared for 


the 00Ze by ſteeping it in ſome ſour liquor, in order to 
open its pores, and raiſe it (according to the tanner's 
Phraſe) t the new method requires a different practice 
from the old one. 
Xv. In the old method, the tanners made uſe of ſour- 
ings brewed generally from rye, or ſome other grain; 
2 | = „„ 


different uſes for which it is intended. You are always = 
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but theſe liquors are not only troubleſome to brew and 

to ferment, but they are always uncertain as to their 
degree of ſourneſs or ſtrength, which depends on the 
tate of the weather, and. other variable circumſtances; 
theſe liquors are moreover exceedingly apt to rot the lea- 


ther, and, without great care, wy — it very ma- 
terially in its texture. 

xvi. To obviate theſe inconveniences, you are to imi- 
tate the bleachers of linen, who make uſe of a ſour 
prepared by diluting the ſtrong ſpirit of vitriol (vulgarly, 


but improperly, termed oil of 3 with a ſufficient 
quantity of plain water. 


. 


XVII. It was not without much difficulty that the - 
bleachers could be. prevailed on to quit their old ſour- 
ings, made either like yours of rye or barley, or of ſour 
butter-milk, from a groundleſs fear, that the vitriolic 
ſouring would corrode their cloth; but the experience of 
many years has convinced them of their error, and now 
no other ſouring 1 18 uſed. In like manner the tanners 
at firſt may ſome of them be afraid to uſe the vitriol, but 
a little practice will thew how far ſuperior this ſouring 
is to what they have hitherto uſed. They will never 
find it ſubject to any change in reſpect to ſtrength from 
variations of weather, or different degrees of heat; and 
. 


zs only to prepare them bef ana in the una way; 
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ſo far from tending to rot the leather, it gives unuſual 
firmneſs; and the ſoals which are raiſed by the vitriolic 
ſouring are remarkably ſound, and always free from the 
ſlighteſt degree of rottenneſs. Beſides, the ſame ſour 
may do for many parcels of leather, by addin g 2 little 
vitriol to it; and it need only be thrown away, when it 
becomes too _ * by the —— EN or 
hides. n „— 1 11 80 
XVIII. * wine pint of the ſtrong cent of vitriol, 
which will not coſt more than nine or ten pence'®, is Wl 
fufficient for fifty gallons of water to prepare the fouring | | 
_ at firſt: therefore all you have to do, in raifing the ſoals, 


- and, when they are fitted for the ſouring, mix up a quan- 
tity of vitriol and water, according to the number of 
| hides that you require to have raiſed, ſtill obſerving the 

proportion of a pint to fifty gallons, which will be 

enough, if the vitriol be of the due degree of ftrength. 

_ The hides may lie in the ſouring till you find them ſuf- 

ficiently raiſed, for they will be i in no danger of rotting, 

as they would be in the common corn ſourings, which 
in time might turn putrid, and rot the leather; whereas, 
the vitriolic ſouring keeps off putrefaction. 


{a) The oil of vitriol is ſold 7, the — in large bottles, containing 
eiglit or ten gallons. | 


XIX. When 
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xix. when you find your hides ſufficiently raiſed, put 
them directly into the ooze, and go on with the tanning 
2s in the old way; and you will ſee that the lime-water 
002e penetrates raiſed leather even faſter than it does 
butts or calf-ſkins, allowance being made for their dif- 
ferent degrees of thickneſs. 
x. Let it be now ſuppoſed chat you have your ciſtern 
3 your lime- water prepared, and ſome letches full 
of lime- water oO 2e, which has been. run through two | 
letches in order that the me- water may completely 
pſpend its force on the bark; you are not to throw away 
BE what common ooze you have in Rock in the yard, but 
| only as it ſhall be ſpent;. then, indeed, you are to throw 
W it away, and ſupply its place with the lime-water OO:ze. 


XXI. In a very few days you will perceive the difference 
between the activity of the two oozes, the new and old, „ 
I with reſpect to penetrating the leather; and thus, with- 
3 out any kind of loſs or waſte, you will get rid of all your 
5 old liquors, and come ſpeedily into a fall ſtock of the 
: ooze made with lime-water; and after you have got the 
new method eſtabliſhed, your buſineſs will go in a regu- 
= larcourſe, and one Parcel of goods will ſucceed another > 


as faſt as you can manufacture and dif poſe of them. 

XXII. Though it is poflible to tan ſmall parcels of lea- 
ther, by Way of experiment, by the uſe of lime-water 
oO ze, 
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_ +00ze, in a fourth part of the time which is required, if 
only common ooze be made uſe of; yet the buſineſs of a 
large tan-yard cannot be carried on with ſo much expe- 
dition: but even in large works, and in the common 
courſe of buſineſs, ſoal leather can be completely tanned 
and finiſhed, in, from eleven to fifteen months, accord- 
ing to the different weight and thickneſs of the hides. 
Butts in, from eight to twelve months, and calf-ſkins i In, 
from fix to twelve weeks; ; in general, the tanner may 
fave at leaſt a third of the time that Has hithexto been : 
required, — 7 by M ; 
XXIII. The leather, which is manufactured in the new Mi 
Were of a ſuperior quality to that of the old tannage, s 1 
eſpecially the ſoal-leather, which wears remarkably well, = 
and never ſhews the leaſt ſign of rottenneſs. 


xxIv. Let it always be remembered, that the lime- = 


water is never to be uſed but when it 1s ; ſufficiently 
ſtrong, and as clear as rock- water. 

. Whenever you make freſh ooze, you muſt always s 
uſe freſh lime-water, and run the ooze through two 
letches; and the lime-water 00ze, when ſpent, from lying 
— on the leather, is never to be returned back upon the 
bark which is in the letches (as you now return your 
ſpent ooze) but muſt always be thrown away, as being 

I entirely 
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entirely uſeleſs; for which purpoſe you muſt contrive a 
gutter er in the tan- yard to carry off the ſpent o0ze. 
xXV1. The letches ought to be under cover, left the 
rain get into them and weaken the ooze, and if the 
handlers are ſheltered, it will be ſo much the better; but ” 
it is of no importance to cover the vatts, provided, when 
the leather is laid away in them, they are kept constantly 
full to the brim. 5 „ 
n. vou muſt always take care to have a  fallicient 
ſtock of unſlaked lime by you (for if it be ſlaked, it will : 
not anſwer to make lime water): therefore, get your 
lime freſh, if poſſible, from the kiln, and immediately 
pack it in any kind of old dry caſks. Weigh one of theſe 
= caſks, and it will enable you to aſcertain the quantity of 
= lime neceſſary to be thrown into the ciſtern each time 
pou begin a freſh brewing of your lime-water, and 
thus fave you the trouble of repeated weighings; ; not 
that there need be much nicety about. the quantity of q 
J lime, a ſcore of pounds over or under making no ſenſible 
a difference i in the ſtrength of the lime-water. 
L  xxvin. Any expence you may be at in procuring 
lime, which even in the largeſt tan-yards can amount 
but to a trifle, will be amply compenſated by the ſaving 
of bark; becauſe, that lime-water ſo completely exhauſts 
Vor. LXVIII. 3 the 
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the bark, and makes it go ſo much farther than when 
the ooze is made only of plain water. As a proof of this, 
you may make a pretty ſtrong ooze from the tan or ſpent 
bark, which you now conſider as completely exhauſted, 
by infuſing in it lime-water. ; 
Tanners, as they become acquainted with the new 
I method, will find it perfectly eaſy, and may no doubt 
make further improvements by experience. The fore- 
going directions were found ſufficiently full for enabling 
a gentleman at Belfaſt to carry on the buſineſs i in an ex- 
tenſive way for theſe four years paſt; and it is preſumed 
they will prove equally clear and 2 to all other 
2 in the tanning trade. 


| Dublin, May the iff, 177. 
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IX.  Obfervations on the Nees and Diſeaſes of Cheſ- 
5 ter, in be Tear 1774. * Horgan, M. D. 


Read Jan. 2247 "HE facts aſcertained in the follow! ing 


1. 


ſuch an uncommon degree, as will aſtoniſh thoſe who arc 
beſt acquainted with the general ſtate of mortality in 


large towns. In order to deduce fatisfactory and uſeful 8 
concluſions from theſe facts, it ſeeras neceſſary to de- 
ſcribe a few peculiarities in the ſituation of this city, 


which probably contribute to produce a falutary effect. 


The intelligent reader will remark, in the following | 
account, that the ſtructure of Cheſter prevents, in an 


uncommon degree, two principal ſources of diſeaſe, ſtag- 
' nant moiſture and putrefaction. 


Cheſter 1s placed on a red, ſandy, mouldering rock 
(/axum arenarium friabile rubruni ) which forms a riſin g 
promontory, whole ſummit is elevated exactly one hun- 


dred feet above high water mark, and forty feet above 
the adjacent country ; from this point the ſtreets deſcend 
with a gentle declivity every way to the edge of the rock, 


82 | hence 


tables prove Cheſter to be healthy in 


* 
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whence there is a-perpendicular fall of many yards from 
every part of the town. 
The looſe rock on which the town is built abſorbs. 
moiſture : for being cut into filtering ſtones, water ſoon 
paſſes throu gh its pores. The principal ſtreets that meet 
in the centre of the city, are deeply excavated out of the 
rock, being ſunk ſix or nine feet lower than the ſurface 
of the ground. By this ſtructure the foundations of the 
houſes are kept perfectly dry, as the ſtreets quickly drain 
off the water, and the rock abſorbs all the remaining 
moiſture. For theſe reaſons the cellars in general are 
dry, a circumſtance that greatly contributes to health. : 
Stagnant water in a cellar is probably very often the un- 
ſuſpected cauſe of putrid diſeaſes: : its pernicious influ- 
ence ſeems to reſemble, in ſome degree, that of * 
water in a ſhip. . 
There is a form of building an to Cheſter, 
called the Rows, which are covered galleries“ that 
make a complete communication between moſt of 
the principal ſtreets. The Rows are always dry and clean 
even in wet and dirty weather; they moderate the heat 
of ſummer, and the coldneſs of winter. Theſe uncom- 
MON advantages oftener terapt abroad perſons. of a deli- 
cate and valetudinary conſtitution, whether they be en- 
gaged in buſineſs or amuſement; by which they obtain 
the 
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the benefit of freſh air and n without 1 incurring 
danger from catching cold. 
The walls are near two miles in circumference, and 
ſurround the central part of- the city: they are dry and 
clean immediately after the heavieſt rains. The Rows | 


= form a dry communication with the walls from nearly 


every place within their circuit: their frequent aſcents 
and deſcents; their elevated, airy ſituation, and varied 
proſpects; all contribute to render walking upon them 
peculiarly well adapted to preſerve or reſtore health. — 

The Dee, a large navigable river, divides a ſmall part | 


= of the town from the reſt, ſkirts the leſs, and ſurrounds 


three quarters of the larger portion. Where it makes 
this diviſion, it falls over a cauſeway, forming a widely 
extended caſcade, and then runs with rapidity down looſe 


| f rocks; the whole deſcent i is thirteen feet. The tide al- 


ways flows up to the town, where it rifes, on a medium. 
of ſpring tides fifteen feet, the higheſt tides twenty-one | 
feet: every new and full moon, about ſix or eight tides 
flow over the cauſeway, and ſometimes more than twenty 
miles above the town. Beſides waſhing away the liquid 
filth, which quickly runs into the river by a ſhort courſe 
from nearly all quarters of the town, the agitation of 
the waters both by the caſcade and tides is probably of 
farther ſervice in purifying the atmoſphere. 


—— 


The 
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The air of Cheſter is uncommonly clear. In a regiſter 
of the weather, kept for the laſt four years, there were 
only ſix foggy and thirty-two, hazy mornings. In general, 
the atmoſphere on the weſtern is much clearer /than on 
the eaſtern ſhore of Britain, though more rain falls on 
the weſt than on the eaſt ſide of the iſland. 
The modern refinement of manners, under the op- 


probrious name of luxury, is generally thought to be 


peculiarly deſtructive to health; but the true friend of 
mankind will candidly, and without pre) judice, inquire 
into the facts which only can determine his judgement 
on this important ſubject. A large portion of the inha- 
bitants of Cheſter enjoy, with temperance, the elegant 
refinements of life; yet no diſorder, except the gout, can 
be peculiarly aſcribed: to this cauſe, in the tables of 
" diſeaſes for the laſt three years, that 1s, no more than 
two deaths out of 1 277. But it 18 to be obſerved, that 
| refined manners here, as they generally do every where, 
entirely baniſh the deſtructive exceſſes of gluttony and 
drunkenneſs. It 4s the large quantity, rather than the 
rich quality or exquiſite flavour, of what we eat and 
ar ink, that is injurious to health. 
As the healthineſs of Cheſter muſt appear ſo very 
extraordinary as to be almoſt incredible, it is neceſſary to 
declare, that the enumeration was made with all poſſible 


Care 
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care and fidelity; and that the errors are, for obvious 
reaſons, rather on the ſide of defect than exceſs, ſo as to 


make the proportional mortality rather appear greater, 


not leſs, than the truth. Two facts may be mentioned in 


proof of this poſition. In 1 7 7 2 the inhabitants of St. Mi- 


chael's pariſh were reckoned to be 618, and there cannot 


be the ſmalleſt ſuſpicion that there are fewer than this 
number; and yet by the ſurvey, Table V. they are only 5 
3786. A gain, the deaths, by fever, appear to be 35 from 


x the pariſh-regiſters, and only 28 from the ſurvey. I 


know no error on the fide of exceſs, except in Trinity 
1 pariſh, where a new ſtreet has been inhabited only ſix 
| years. This circumſtance will clearly occaſion this diſ- 


trict to appear in Table VII. more healthy than the truth. 


In eſtimating the health of the diſtrict which belongs. 

to the Cathedral, becauſe it appeared ſo very extraordi- 
n nary, particular care was. taken to aſcertain the exact 
truth. As ſome of theſe houſes have not been built the 
whole period included i in this calculation, more than a 
proportionable allowance of death i is made for this defi- | 


ciency. 


In order to exhibit a juſt and moſt ſtriking view of the 
health of Cheſter, eſpecially the center, beyond other 
places both of town and country, the reader is particu- 


larly requeſted to compare the ſeventh with the eighth. 
table. 


4 
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table. The ſeventh table is compoſed by finding the 
proportion of inhabitants in the different | pariſhes ſepa- 
rately and together in the fifth, to the burials for ten 
5 years recorded in the ſixth table. In the table 
the mortality of whites in Jamaica is taken from Dr. 
LIND; of Liverpool and Mancheſter from Drs. ENFIELD 
and PERCIVAL, who directed particular ſurveys of thoſe | 
| towns; of the other places, both town and country, from 
Dr. PRICE: fo that no facts can be aſcertained on more 
reſpectable authorities. That the inhabitants of Cheſter 
ſhould have near an equal chance of living to twice the 
age of the inhabitants of Vienna, London, or Edin- 
: burgh; and that no large town, as far as inquiries have 


ü been hitherto made, ſhould approach to a nearer propor- 


tion of longevity than as 28 to 40, are aſtoniſhing facts. 
The center is by far the moſt ſalubrious part of the city; | 


the average of deaths within the walls is only 1 in 5 8, a 


degree of longevity much ſuperior to what in general is 
recorded even of the country. The pariſhes | which in- 
clude the ſuburbs, vis. St. Oſwald's, John's, Mary's, and 
Trinity, are of the largeſt ſize, and comprehend many 
central parts of the town which are undoubtedly as 
healthy as any of the reſt, but they alſo contain all the 
out-ſkirts, which conſequently muſt be much more un- 
healthy than appears to be the general average of deaths 
in 


in thoſe pariſhes. It has been ſuſpected, as a reaſon why 
the central pariſhes appear moſt healthy, that more who 
die in the city may be buried in the ſuburbs than the 


contrary; and, as a reaſon why the whole town appears 
ſo healthy, that more perſons who die in it may be 
buried in the country than the contrary; but on ſtrict 
inquiry I can find no foundation for either ſuppoſition. 
The extent of the ſurvey both i in each pariſh, and in the 
| town in general, correſponds with much exactneſs with 
the extent of the regiſter. However it muſt be con- 
feſſed, that there is one circumſtance which makes the 


4 5 center appear more healthy than the ſuburbs, though it 


rather tends to prove the reverſe. The central pariſhes 


have a ſmaller proportion of inhabitants i in the weakeſt 


| | nil of life, or under the age of I5. The number 


under 1 5 in theſe pariſhes is 888; whereas, had z 
borne the ſame proportion to the whole number that it 


bears in the town in general, it would have been 1067. 
But this conſideration could only reduce the average of 


_— 
—_— 
. 


deaths from 1 in 58 to Tin 853 ſo that, making all due 


allowance of this account, the center 18 ſtill proved to be 
remarkably the moſt healthy. 


There is one probable cauſe that renders the ſuburbs 


1 more unhealthy than the reſt of the town. A part of the 


putrid filth, which flows from the center to the circum- 
Vo L. LXVIII. — x. Sg ference, 
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ference, ſtagnates in the ditches of the ſuburbs, vis. the 
Headlands, Barker's-lane, Horn-lane, and Greg's-pit, in 
John's pariſh; Fluckerſbrook and Cow-lane, in Oſwald's 

pariſh; Nui 5-lane and garden, Skinner's-lane and Stye- 
lane, in Mary's pariſh; the Sluices and the Rood Eye, in 
Trinity pariſh. There is not one inſtance of ſtagnant 
water within the city walls, except in Nun's-lane and 

garden. As there is a ſufficient declivity from all theſe 

ditches into the river, it would be a very. eaſy and moſt 
ſalutary improvement to drain them perfectly, and ſeems 
5 highly to deſerve the attention of our magiſtrates. The 
ancients were particularly attentive to ſuch regulations, 
as appears from a letter of the younger Pliny to Trajan. | 
5 Amaſrianorum civitas, domine, et elegans et ornata, babe: 


1 3g inter pracipua opera Pulcherrimam, eandemque longilf - 


mam Plateam: cujus a latere per ſpatium omne porrigitur 
nomine quidem Aumen, re vero cloaca feat 72 ma: que ficut 
zurpis, et immundiſſima aſpediu, ita peſtilens eft odore e- 
terrimo. Nuibus ex cauſi , non minus 5 Jalubritatis quam 
L decoris interef eam contegi. 

By me induction of numerous facts, two princi- 
pal ſources of continued fevers have been diſcovered, 
that is, the contagion of human effluvia, and of marſh 
miaſmata: the latter is diſtinguiſhed by frequently 
aſſuming an intermittent type, or changing into a dy- 
ſentery. It may be doubted, to which kind vf peſti- 
lence 
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lence the putrid ditches of towns belong. From this 
filth being chiefly of animal origin, and from the ab- 
ſence of both intermittents and dyſenteries, even in their 
neighbourhood at Cheſter, I ſhould conclude that they 


# produce the ſame kind of fevers as human contagion : | 


4 and yet I doubt, whether the agues and dyſenteries of | 
Edinburgh can probably be attributed to any other cauſe, | 
unleſs the frequent fogs of that pl ace, or miaſmata from 
the north loch, and from the moiſt foundation of the 


houſes in the Cowgate, &c. where there was formerly 5 


loch, may be ſuppoſed to produce ſuch an effect. 
Another reaſon of greater mortality in the ſuburbs 
ſeems to be, that their inhabitants in general are of the 


| loweſt rank: they want moſt of the conveniences and 
_ comforts of life: their houſes are ſmall, cloſe, crouded, 


and dirty: their diet affords very bad nouriſhment, and 
their cloaths are ſeldom changed or waſhed. Theſe parts = 
5 of the town are ſupplied leſs plentifully than the reſt 
c with water. The air they breathe at home is thus ren- 


dered noxious by reſpiration and putrefaction. Theſe , : 


miſerable wretches, even when they go abroad, carry a 
Poiſonous atmoſphere round their bodies that is diſtin- 
guiſhed by a noiſome and offenſive ſmell, which is pecu- 
larly diſguſtful even to the healthy and vigorous, ex- 


citing ſickneſs and a ſenſe of general debility. It cannot, 
& of «© therefore, 
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therefore, be wonderful that diſeaſes ſhould be produced 
where ſuch poiſon is inſpired with every breath. This 


noxious air is the moſt frequent cauſe of malignant fe- 
vers. In theſe poor habitations, when one perſon * 
ſeized with a fever, others of the family are generally 
affected with the ſame fever in a greater or leſs degree. 
This dreadful conſequence is naturally to be expected, 
as putrid fteams ariſing from the diſeaſed body are added. 
to the other increaſing cauſes that produce noxious air. 
If a regulation could be univerſally adopted of imme- 
diately removing out of the family ſuch of the poor 
people as are ſeized with fevers, it is evident that the 
moſt ſalutary conſequences would follow. - Reaſonable 
objections might be made to receiving ſuch patients into 
the general infirmary, even into ſeparate wards, left the 
infection ſhould ſpread through the whole houſe, which 
in a former paper on this ſubject was. proved to be 
healthy to an uncommon degree when compared with 
other hoſpitals. But might not this and every other 
5 objection be obviated by erecting, on the. ground 
| which adjoins and belon gs to the infirmary, a building, 
to be divided into ſpacious, airy, ſeparate apartments, 
where patients infected with fevers, and properly recom- 
mended, might be received on any day of the week ? Be- 
ſides medical aſſiſtance, they would. here enjoy clean 
—— : nen, 


demics. I would not alledge this as an inſtance to refute 
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linen, airy rooms, careful attendance, and ; wholeſome. 
diet. 
Towards the latter end of *Auguſt there appeared a 
fever which from its frequency might be called epidemi- 

cal. It was preceded by ſultry weather, and commenced. 
| immediately after a ſtrong gale of. wind from, the weſt 
I! on the 17th, ſucceeded by eight fair days. It has been 
remarked by Dr. sTEDMAN, that ſtorms prevent epi- 


—— 


the ingenious obſervation: : but the want of rain during, 
and eight days after, the high winds, was perhaps the 
= cauſe why. they produced a pernicious rather than a ſalu- 
1 tary effect. The admirable diſcovery of Dr. PR LESTLET,, 
| that water corrects and purifies air rendered noxious by 
1 reſpiration and putrefaction, makes this conjecture ex- 
tremely probable. ©; 

[ From the fifth table it appears, that this fever attacked : 
K 285, and Was fatal to 28, that 1 is, to 1 in 10. It had the 
. common ſymptoms of malignant fevers produced . 
human effluvia, and particularly affected the head with 
pain, giddineſs, and delirium.. This fever attacked i in, 
general the loweſt, few.of the middle, and none (or only 
one) of the. higheſt rank. Among the poor, when. 
one was ſeized, the reſt of the family ſuffered more or 


leſs with like ſymptoms; but in no inſtance did any 
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marks | 
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marks of infection appear, even in the nurſes, where the 
patients enjoyed the comforts of clean linen and airy 
rooms. . 5 : 
Antimonials of various kinds were given at different 
periods of the fever. They rendered the pulſe leſs fre- 
quent in ſome inſtances, if reckoned immediately after 


the operation , but in very few caſes produced any laſting | 
| abatement of ſymptoms. | After a full effect of the anti- 
monials, the peruvian bark was given in a conſiderable 
quantity; but it neither abated nor aggravated the fever. 
The remedy of moſt manifeſt ſervice i in this epidemic | | 
was topical evacuations from the head by leeches and 
bliſters. | FE 
From the ſecond table it appears, that there were four 
fatal inſtances of the puerperal fever in 1774; a diſeaſe 
Which frequently occurred this year, though I had never 
4 before ſeen it in Cheſter, during ſeven years Practice. 
IM making the general ſurvey of the town, particular 
inquiries were made concerning the proportional fatality 


of the natural ſmall-pox, i in order to demonſtrate the ad- 
vantages of inoculation, and to diſcover at what age this 
operation ſhould be performed that it may become the 
moſt extenſively beneficial to ſociety. The proportion of 
deaths by the natural ſmall-pox to all the deaths this 


Year is I to 2 and 7-loths, From the fifth table it is evi- 
2 | _ dent 
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dent that 1060 have never had the ſmall. pox out of 
14713 inhabitants, that is 1 in 14. 
The facts recorded in Table Iv. ſeem to determine the 
age when children ſhould be inoculated in order to ſe- 
cure the greateſt poſſible benefit to mankind. It appears 
here, that under one month old not one died of the 
ſmall- pox; that, under ſix months old only 7 out of 
202; and yet that above a quarter of the whole died 
under one year old. My! ingenious friend Dr. PERCIVAL 
firſt diſcovered at Mancheſter the fatality of the ſmall- 
pox in early infancy, which induced him with much 
candour and .good ſenſe to correct a former opinion on 
this ſubject founded on the greater ſafety of inoculation | 
in children a few years old. Indeed, where children can 
be ſecured from all danger of the natural infection, the 
- greater hazard to young infants from inoculation will be 
a ſufficient reaſon to defer the operation for three or four 
years. The ſmall- po Was fatal to 22 males and 29 fe- 
males under one year old, that is, to ſeven more females. 
This fact confirms what Dr. PERCIVAL obſerved at Man- 


1 cheſter. 'The epidemic ſmall-pox began near the ſum- . 


mer, and almoſt ended at the winter ſolſtice, only 19 
remaining ill of the diſeaſe in January 17755 when the 


Seneral ſurvey was taken. 
| | 5 Dr. 
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Dr. PRICE, in his excellent obſervations on annuities, 


has adduced numerous facts to prove that women live 
longer than men. Theſe tables afford many confirma. 
tions of the remark. There died this year, under 20 
years old 162 males and 149 females, that is, a majority f 
of 13 males; 52 huſbands and 50 wives, that is two 
more huſbands; 28 widowers and 48 widows, which is i 
only a majority of 20 widows; | though by the general 
ſarvey, Table v. there are in Cheſter 258 widowers and 
736 widows, or near three times the number. The total 
of males i is 6697, of females 8016, hence there i 18 1319 
or nearly a fifth majority of females: it may not be im- ; 
5 proper alſo to obſerve, that the women, eſpecially i in the 
higher and middle ranks of ſociety, are remarkably 
beautiful. Theſe facts clearly prove, that the manners 
and ſituation of Cheſter are peculiarly favourable to the 
female conſtitution. 
Other obſervations may be deduced from theſe tables, 
| which confirm, correct, or illuſtrate, various queſtions of 
importance to ſociety. The number of married perſons 
in Cheſter is 4881, of unmarried 9832, that is, nearly 
one-third } is married, which i is a common proportion. Up- 
wards of one-half of the inhabitants above 1 5 years old 
are or have been married, the proportion being as 4 to 7. 
8 Chefter is ſo uncommonly healthy, yet this, 
like 
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hke moſt other great towns, is unfavourable to popula- 
tion. Thus it appears, from the general bill for ten 
years, that, on an average, one marriage produces leſs 

g than three children. One cauſe of this ſmall proportion 
is probably the want of manufact: ares, which might ena- 


ble the loweſt claſs of people to marry in earlier youth: 
taking the whole town, the number of perſons in each 
family IS 4 and I - -3d. The inhabitants under 1 " years 
| old are 4486, that'i is, more than a third. The proportion 
of deaths this year to the number of inhabitants 18 
nearly at I to 27: this difference from the common de- 5 
gree of health 1s occaſioned by the unuſual fatality of 
1 the ſmall-pox. Table III. ſhews that the greater mor- 
| tality of the ſummer than the winter quarter of 1774 | 
was occaſioned by the epidemic ſmall-pox, which began 
in July: yet ſtill that winter and autumn taken together 
. were more fatal than the ſpring and ſummer in the Pro- 
3 portion of 326 to 220, that is, near one-fixth more died 
in the former than in the latter portion of time. 
There is a general prejudice i in Cheſter, that it is un- 
healthy to inhabit the Rows; a prejudice moſt clearly re- 
futed by many of the preceding obſervations. The Rows 
run along the central ſtreets, which include incompara- 
bly the moſt healthy part of the town. 
Vol. LXVIII. SY 
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That the center is the moſt healthy part of the city; 
that a Jeſs proportion die annually here than in moſt 
country villages; and, as far as obſervations have hitherto 
been made, that it is probably as healthy as any ſpot 
upon earth, are ſurprizing facts: yet theſe facts are 
clearly evinced by the united evidence of ſix ſeparate 
diftricts taken on a medium of ten years. Some conjec- 
tures, ſupported by a few facts, are hazarded concerning 
the cauſe of unhealth ineſs in the ſuburbs. Future ob- 
ſervations of a like kind, in different ſituations, will con- 
fute or confirm theſe conjectures, which, if true, may 
de of great importance to ſociety by diſcovering and 
avoiding the ſource of diſeaſe. Towns divided and num- 
bered in ſeparate diſtricts, compared with their reſpective 
regiſters, and illuſtrated with a deſcription of every cir- 
cumſtance peculiar to each, that may ve ſuppoſed to in- 
fluence health, , might, by a numerous induction of facts, 
lead to a certain inveſtigation of the cauſe that renders 
/ 2 tow ns ſo generally unhealſy. A diligent and ſagacious 
, — to this ſubject might produce a diſcovery how 


to make towns as healthy as the country : a diſcovery of 
the moſt beneficial conſequence in this age of elegant | 
refinement which collects the greateſt part of mankind 
into large towns. 1 . — 
1 " TABLE 
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— 
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* A-B L E II. 
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I. FeBrILE DiSEASES. 


Fever (Cen 5 6.) 


Puerperal fever — 


A, 


Mortincation (7.) 


Bore· throat (10.) 8 
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Unflam. of the bowels (16.) 


Pet and A (19.) 


[Tecthing . 1 98.) | 


| Rheumatiſm (22.) 
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[Gour (23.) 


Natural imall-pox (26.) 
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State of population, ſmall-pox, and Fevers, in 1 774. 
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TT A B L E VII. 


be aumbers that die ann ally i in the ſeveral par: i/hes, rake 
_ upon an average of ten years, Viz. from the year 1 7 64 


zo 1773 mncluſrvely. = 


4 6. Mary's, . . = =_ = 0 5 1 30 

} Oſwald's, 3 CCC in 36 
J ͤ I in 36 
Trinity, VVV 4 1 in 41 

| Michael's, %%% oo od in 50 
Olave” 8 0 . . * 1 1 in 55 
Bridget's, „ ES rin 56 | 
Martin's, — ” *** OS 1 in 59 
=—_ ], TT -. + as 
Cathedral, =. %%% I 87 
The whole town, 5 „ ͤ 
The pariſhes within the walls, VIS. Michael's, - 
Olave's, Bridget's, Martin- 8, ks and Ca- 

| thedral, 5 5 
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TABS R VIII. 


7 be proper tonabl number of inhabitants that die annuall 
- in the following places. 


Whites in Jamaica, — . -” 1 in 8 
Vienna, 48 2» @ — . | I in I 9; 
85 London, Vf. . $ AA IN 20; 

Edinburgh, . „ 05 
Leeds, Tn 8 . ” — I ʒin 213 
Dublin, 13 R .. > MM 
Rome, %ͤ 8 . . 8: I in 23 
Amſterdam, ; oo 


| Breſlaw, „ „„ 7 : 1 in 25 
—A „ 1 in 26; 
Northampton, 50 V 
Shrewſbury, 5 „% „ ͤĩͤ 
OO" a 
Mancheſter, „% 5 1 in Ä8 


„ 


Country pariſhes. . 
Pais de vaud, . — 3 8 1 in 45 : 
Country pariſhes i in Brandenburgh, . 1 in 4 5 
Others in Brandenburgh, 5 . 1 in 50 
A country pariſh in Hampſhire for 90 years, 1 in 50 
Iſland of Madeira, . : ME. 


Stoke Damerel in Devonſhire, for one year, 1 in | 54 
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IX. An Account 0 of ſome Electrical Fxperimen ts, by Mr. 
William Swift, in a Leiter 70 John Glen King, D. D. 
F. R. C. 


73S SIR, „„ A. 
| Read Jan. 29. I BEG leave to lay bebe you an account of 
"TOP an electrical apparatus, which 1 have con- 
trived, to ſhew the different effects of points and balls at 
= the upper terminations of conductors, to ſecure houſes 
: and magazines of powder from dam age by lightning g. 1 
| | have re preſented the clouds, which are added to my ma- 
4 chine, by interpoſing three feet of water inſulated, in- 
ſtead of continuing t the metal from the prime conductor; 
mis I apprehend to be analogous to the natural clouds, 
| though it is not in the leaſt neceſſary for the experiments - 
I am firſt going to mention, the reſults of which are not 
affected by one method more than the other. f 
The clouds being charged flide on a frame with a 
graduated edge; and, as they paſs the length of the 
frame, they make five revolutions round their own axis; 
for they are repreſented by a ſemi-circle, the radius of 
which is ei ighteen inches, conſequently the extent of it- 
vol. — 18 
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is nearly four feet and a half, and is 


formed with materials well covered with | 
metal. I place three houſes, ſtanding in 

the ſtate of nature (not connected with - 
the cuſhion) at a certain diſtance from 
the frame, and equally diſtant from each 
other, as may be ſeen in the ſketch a, 
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B, c, each houſe has a conductor, and is 
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connected with magazines of powder, a, 
b, e; the reaſon for making the clouds a 
ſemi- circle is, that when turned back 
they may be charged from the machine, 5 
without affecting, or bein g affected by, E 
the points or balls on the tops of the - 
| houſes A, B, and c; and, by means of their motion round 
their own axes, I can increaſe or diminiſh at pleaſure the 
velocity, which i 13 aſcertained by the graduated edge of 
the frame. I fix an electrometer on one of the con- 
ductors of the machine, and put points for the upper 
1 terminations of the conductors of the houſes. | 
Having thus prepared the machine, the ſemi- circular 
cloud being turned back, that is „within; the machine is 
charged till the index of the ec wmeter riſes upw ards 
of 90?; the cloud being then put in motion, as it ſlides 
along the frame, revolves over the houſe A, with its 
length of 47 feet: in Lits paſſage; it empties itſelf, the elec- 


5 | „ ometer 


| 
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f 
| 
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855 


trometer falling to o, but not the leaſt exploſion is per- 
ceived. The cloud then turning back in its progreflive 
motion in the frame, is charged again while it paſſes on 
to B; a at which point, by means of its motion round its 


the electrometer falls, and no exploſion i 18 perceived: the 
1 ſame thing happens i in the paſſage over the houſe C. 
T7 he machine remaining in the poſition as before, I 
3 place balls of a quarter of an inch diameter, at the upper 
3 _ terminations of the conductors of the houſes A, B, c, and 


ſmallneſs of theſe balls differing little from points; but 


axis, it revolves over the conductor B; it empties itſelf, 


Ss with theſe balls, the experiments proceed almoſt as be- 
1 fore; chat is, the matter Paſſes off with a little hiſſing 
noiſe, and now and then it gives a light exploſion, the 


when I place balls of three-quarters of an inch diameter 
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> 


| inſtead of the ſmall ones, the cloud, every time it paſſes 


magazines a, 6, c; and, notwithſtanding that, the index 

of the electrometer does not deſcend above 20ʃ, and 

ſtarts up again a8 ſuddenly as it fell. 

| If balls are ſafer at the upper ends of conductors than 
points, it ſhould follow, that the larger the balls are, the 

greater the ſecurity; but from all theſe experiments I 

never found a ſhock with a point, and not always with a 


; fſilently 


very ſmall ball: but the electrical matter paſſes off 


over them, makes one or more exploſions, and fires the 


a 
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filently with the points, and ſo entirely, that the electro- 
meter falls to 5%. With balls a quarter of an inch dia- 
meter, indeed, it paſſes off with a little hiſſing noiſe, but 
this lſeldom amounts to a ſhock: but with balls three- 
quarters of an inch diameter an exploſien conſtantly hap- 
petis; and the magazines are fired. 
To put this matter ſtill more out of doubt, 1 place 2 
ball of nine inches diameter on one of the conductors, and 
the exploſion is very violent, always more certain; and 
- yet the machine does not — itſelf, for the _ 
meter falls not more than 20%. | 
Ihe next experiment I make with the water conduc- 
tor is, placing. the houſes A, B, c, in a negative ſtate, by 
connecting them with the cuſhion of the machine, or 
with the outſide of a battery: : when the cloud is charged : 
und paſſes over the houſes, with points at the upper end 
of their conductors, there is no exploſion; the points 
ſieem to draw off all the electrical matter during the paſ- 
ſage of the clouds of four feet and. a half long: but 
when, in this poſition of the houſes, balls of three-quar- 
ters of an inch diameter are placed inſtead. of points, 
| there is aſmall exploſion, and a conſiderable re/iduum of 
the matter is left in the battery. I then change the in- 
ulated water for wire to compleat the circle: on the 
Paſſage of the clouds over the houſes there is a conſi- 
4 7 derable 
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derable exploſion, whether points or balls are the upper 


terminations of the conductors of the houſes; but no 


ref ſduum is left in the battery. 
Hence appears the difference of effect, whether the. 


houſes ſtand in a ſtate of nature, or in a negative ſtate; 


and whether the conductors be made complete with 
wire, or water inſulated. 


I have by ſixteen years practice been convinced how 5 

_ difficult it is to draw general concluſions from any. elec- T 
trical experiments, and therefore it becomes me to pro- 
poſe my conjectures with the greateſt diffidence ; but, * 
apprehend, the reſult of many experiments ſhew that 

| Points at the upper termination of conductors gradually g 
diminiſh or draw off the electrical matter, ſo as to pre- 
vent any damage to the buildings on which they are 
Placed, by preventing a violent exploſion; and that, on 
the contrary, balls, though Perhaps they will repel the 
electrical matter in ſome degree, yet from that very cir- . 


cumſtance, probably, the exploſion, when it happen S, is 
violent, and attended with dan ger. 


Lam, &c. 4 
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X. An Account of the 2 of Sumatra, &c. By Mr. 


Charles Miller. Communicated by Edward King, 57 
FA. 5 5 


TO EDWARD KING, ESQ. 


353 „ nl Bedford-row, 
D EAR SIR, December 12, 1 


Read m 29, JF HE attention which has been paid * 
177 1 


® the learned world to the accounts 
85 lately publiſhed of the iſlands of the South-ſea, has ld. 
me to think, that the incloſed account of the iſland of 
Sumatra, particularly of ſome of its interior parts, toge- 
ther with that of the neighbouring. iſland of Enganho, 

5 9 not be wholly unacceptable. = : 
It is compiled from ſeveral letters of Mr. CHARLES | 
MILLER (fon of the late botanic gardener) now in the 
ſervice of the Eaſt India Company at Sumatra; ; and, as 
they were addreſſed to different friends, without the moſt 
diſtant idea of their contents being communicated be- 
yond that circle, allowance muſt be made for inaccura- 
cies of ſtile and want of connection; for I was unwilling 
to attempt to ſupply any thing that ſeemed wanting, 
Jjudging 


Mr. MILLER's Account of, &c. 16 


\ 


judgin g that authentic inf ormation is more valuable. than 
the beſt wrought tale. ; 

If you think this paper contains any thing likely to 
afford either information or amuſement to the Royal 
Society, you will do me the honour to preſent it. 


I all, &c. 


JOHN FRERE. 


— 
3 Extracis from ſeveral letters from Mr. CHARLES MILLER 


(ſon of the late botanic gardener ) now ſettled at Fort 
Malbro' near Bencoolen; giving ſome account of that 
place, of the interior parts of Sumatra, and of a neigh- 


bouring and never known to have been * ih ted by any 
— 


FORT MALBRO' 18 ſituated about a mile and a 
half to the South of the Malay town [Bencoolen] where 
the company formerly had their factory; but removed 

from thence about the year 1710, on account of the 
unhealthineſs of the place. 
Ihe fort, from which the ſettlement takes its name, 
ſtill remains in the ſame ſtate in which the French left it 
In 
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in 1761; when, after taking the place, they thought it 
not worth keeping, and accordingly blew up the baſtions, 
and deſerted the ſettlement. 

The houſes here are, almoſt all, built, cledad, roofed, 
and floored, with a kind of reed called bamboo, and 
thatched with the leaves of the. ſag-tree, and would all : 
be called cottages in England, making a very mean ap- 
pearance. They are placed in no kind of order; moſt of 
them are raiſed from the ground on wood or brick pil- 
lars fix or eight feet high; within they are not much 
2 unlike a ſet of rooms in a college, as they conſiſt of one 


. large room called a hall, out of which two doors lead, 


the one to a bed-room, and the other to an office or ſtudy. 
The climate is far from being ſo diſagreeably hot as it 
is ; repreſented to be, or as one might expect from our 
vicinity to the line; the thermometer (of which 1 have 
kept a journal for a year paſt) is never lower i in a morn- 


ing at ſix than 69 , „ or higher than 765. At noon it 7 
varies from 79* to 88%; and at eight P. M. from 73⁵ to 
78 or 80. 1 have once only ſeen it at. go?, and in the 
Batta country, immediately under the line, I have ſeen 

it frequently at fix A. M. as low as 617. We have always 
a ſea- breeze, which ſets in at about nine o'clock, and 

continues to Sun:ſet, and is generally pretty freſh; this 

tempers the heat ſo much, that I have never been incom- 
IS moded 
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moded by it (even in the midſt of the day) ſo much as I 
have frequently been on a ſummer's day in England. 
Rain is very frequent here; ſometimes very heavy, and 
almoſt always attended with thunder and lightning. 
Earthquakes are not uncommon; : we have had one in 
5 particular, ſince my arrival, which was very violent, and 
did much damage i in the country. There are ſeveral vol- 
| canos on the iſland; one within ſight of Malbro', which 
almoſt conſtantly emits ſmoke, and, at the time of the | 
earthquake, emitted me. 
The Engliſh ſettled here (excluſive of the military) | 
are between ſeventy and eighty, of which about fifty are 
at Malbro'. They live full as freely as in England, and 
„ yet we have loſt but one gentleman during the laſt ſix 
months; * A proof that this climate is not very unhealthy. 
The people who inhabit the coaſt | are Malays, who 
| came hither from the peninſula of Malacca: but the 
3 interior parts are inhabited by a very different Peo- 
ple, and who have hitherto had no connexion with the 
Europeans. Their language and character differ much 
from thoſe of the Malays, the latter uſing the Arabic 
character; but all the interior nations which I have 
vilited, though they differ from one another in lan- 
guage, ule the ſame character. 1 
3 7*Y. The 
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The people between the diſtricts of the Engliſh com. 
pany, and thoſe of the Dutch at Palimban on the other 
ſide the iſland, write on long narrow ſlips of the bark of 
a tree, with a piece of bamboo; they begin at the bottom, 
| and write from the left-hand to the right, which I think 
is contrary to the cuſtom of all other Eaſtern nations, 
This country is very hilly, and the acceſs to it exceed- 
_ ingly difficult, there bein g no poſſibility of a horſe going 
over the hills. I was obliged to walk the whole way, and 
in many Places bare-foot, on account of the ſteepneſs of 
the precipices. The inhabitants are a free people, and 
live in ſmall villages called Dooſans, independant of each 
other, and governed each by its own chief [Doopattee], 
All of them have laws, ſome written ones, by which 
| they puniſh offenders, and terminate diſputes. They 


have almoſt all of them, particularly the women, large 


ſwellings 1 in the throat, ſome nearly as big as a mans 
head, but in general as big as an oftrich's egg, like the 


goitres of the Alps. It is by them faid to be owing to 
their drinking a cold white water; 1 fancy it muſt be 
ſome mineral water they mean. N ear their country is a 


volcano: it is very mo untainous, and abounds with ſul- 


phur, and I dare ſay with metals too, though no mines 
are worked here. If this diſtemper be produced here by 


this cauſe, perhaps in the Alpine countries it may take 
its 


a 
* ; 
» 
* 
_ 
. 
3 
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its origin from a ſimilar one, and not, as has been ima- 
gined, from ſnow-water: certain it is, there is no ſnow 
here to occaſion it, In almoſt all the central parts from 
Moco-moco northwards, they find gold and ſome iron; 

but this diſtemper ; is unknown there. I have met here 
Vith a rivulet of a ſtrong ſulphurated water, which was 
; 10 hot a quarter of a mile below its nde, that I could 
not walk acrols it. 

UB The country called the Caſtia country lies in latitude 
N 1 N. inland of our ſettlement of . appanooly : it is well 

| inhabited by a people called Battas, who differ from all 
J the other inhabitants of Sumatra in language, manners, = 
. and cuſtoms. They have no religious worſhip, but have 
„ ſome confuſed idea of three ſuperior beings; ; twoof which 
| are of A benign nature; and the third an evil genius, 
| whom they ſtile Murgiſo, and to whom they uſe ſome. 
: kind of! incantation to prevent his doing them hurt. The oy 
4 ſeem to think their anceſtors | are a kind oi tuperior 
1 beings, attendant always upon them. They have no 
1 king, but live in villages [Compongs] abſolutely inde- 
i pendant of each other, and perpetually at war with- one 
another: their villages they fortify very ſtron gly with 
1 double fences of camphire plank pointed, and placed 
Vith their points projecting outwards, and between theſe 
© fences they put pieces of bamboo, hardened by fire, and 
— — likewiſe 
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| likewiſe pointed, which are concealed by the graſs, but 
will run quite through a man's foot. Without theſe 
fences they plant a prickly ſpecies of bamboo, which 
ſoon forms an impenetrable hedge. They never ſtir 
out of theſe Compongs unarmed; their arms are match- 
lock guns, which, as well as the powder, are made in the 
country, and ſpears with long i iron heads. They do not 
fight in an open manner, but way-lay and ſhoot or take 
priſoner ſingle people in the woods or paddy- fields. 
Theſe priſoners, if they happen to be the people who | 
have given the offence, they put to death and eat, and iſ 
their ſkulls they hang up as trophies in the houſes where 
the unmarried men and boys eat and ſleep. They allow 
of polygamy : a man may purchaſe as many wives as he 
| pleaſes; but their number ſeldom exceeds eight. They 
have no marriage ceremony; but, when the purchale 1 18 
agreed on by the father, the man kills a buffalo or a 
hor ſe, invites as many people as he can; and he and the 
woman ſit and eat together before the whole company, 
4 and are afterwards conſidered as man and wife. If after- 
= wards the man chuſes to part with his wife, he ſends her 
back to her relations with all her trinkets, but they keep 
the purchaſe-money; if the wife diſlikes her huſband, 
her relations muſt repay double the purchaſe- money. 4 
A man detected in adultery is puniſhed with death, 
and the body eaten by the offended party and his friends: 
the 
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me woman becomes the ſlave of her huſband, and is 
rendered infamous by cutting off her hair. Public theft 
is alſo puniſhed with death, and the body eaten. All 
their wives live in the ſame houſe with the huſband, and. 
V the houſes have no alen; but each wife has her 
FH ſeparate fire- Place. 15 

Girls and unmarried women wear ſix or eight large 
x rin gs of thick braſs wire aboui their neck, and great be 
numbers of tin rings in their ears; but all theſe orna- 
ments are laid aſide when they marry.. 
3 They often preſerve the dead bodies of W Radjas 
| Z (by which name they call every freeman that has pro- 

- perty, of which there are ſometimes one, ſometimes 


W more, in one Compong, and the reſt are vaſſals) for three 


months and upwards before they bury them: this they 


C continue to do by putting the body into a coffin well 


4 caulked with dammar (a kind of rezin): they place the 
| coffin in the upper part of the houſe, and having made a 
4x hole at the- bottom, fit thereto a piece of bamboo, which 
reaches quite through the houſe, and three or four feet 
into the ground: this ſerves to convey all putrid moiſ- 
| ture from the corpſe without occaſioning any ſmell. 
They ſeem to have great ceremonies at theſe funerals; 
but they would not allow me to ſee them. I ſaw ſeveral 
TO dreſſed up like men, and heard a kind of lingir ing 


and 
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and dancing all night before the body was interred: they 
alſo fired a great many guns. At theſe funerals they kill 
a great many buffaloes; every Radja, for a conſiderable 
diſtance, brings a buffalo and kills it at the grave of the 
deceaſed, ſometimes even a year after his interment; we 
aſſiſted at the ceremony of Killing the I 06th buffalo at a 
radja's grave. 
The Battas have abundance of black cattle, buffaloes, 
and horſes, all which they eat. They alſo have great 
quantities of ſmall black dogs, with erect pointed ears, 
Which they fatten and eat. Rats and all ſorts of wild 
animals, whether killed by them or found dead, they eat 
| indifferently. Man's fleſh may rather be ſaid to be eaten 
in terrorem, than to be their common food; yet they 
_ prefer it to all others, and ſpeak with peculiar raptures of 
the ſoles of the feet and palms of the hands. They ex- 

| preſſed much ſurprize on being informed that white 
people did not kill, much leſs eat, their priſoners. 
Theſe people, though cannibals, received me with 
great hoſpitality and civility; and though it was thought 
very dangerous for any European to venture among 
them, as they are a warlike people, and extremely j Jen” 
lous of ſtrangers; yet I took only ſix Malays as a guard, 


but was 9 — from place to place by thirty, forty, and 
ſometimes 


the land of Sumatra. 


ſometimes one hundred of the natives, armed with 
match - lock guns and matches burning. 
5 from this country that moſt of the caſſia ſent to 

Europe 18 procured; and I went there in hopes of finding 
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the cinnamon, but without ſucceſs. The caſſia tree 
grovs to fifty or ſixty feet, with a ſtem of about two feet 
diameter, with a beautiful regular ſpreading head; its 
1 flowers or fruit I could not then ſee, and the country * 
dle have a notion that it produces neither. 
Camphire and Benjamin trees are in this country in 
I great abundance; the former grows to the ſize of our 
; largeſt oaks, and is the common timber in uſe: : 1 have 
= ſeen trees near one hundred feet high. Its leaves are acu- 
minated and very different from the camphire tree ſeen : 
in the botanic gardens, which i 1s the tree from which the 


| Japaneſe procure their camphire by a chemical proceſs; 5 
whereas i in theſe trees the camphire is found native in a 
concrete form. N ative camphire ſells here at upwards of 

 200Y. per Cut. to carry to China; what the Chineſe do- 

to it, I cannot ſay; ; but, though they purchaſe it at 2 50 =” 
or zooL. they ſell it again for Europe at about a quarter 
of the money. I have never been able to ſee the flower 
of the camphire tree; ſome abortive fruit I have fre- 
quently found under the trees, they are in a cup, like an 

1 = ” _ 
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acorn, but the laciniæ calycis are four or five times lon ger 
than the ſeed, 

I have taken other journies into different parts of the 
interior country, never before viſited by any Europeans, 
Theſe journies were performed on foot, through ſuch 
roads, ſwamps, &c. as were to appearance almoſt impaſ- 
fable. 1 have been hitherto ſo fortunate as to meet with 
no obſtruction from the natives; but, on the contrary, 
have been hoſpitably received every where. Almoſt all 
the country has been covered with thick woods of trees 


moſtly new and undeſcribed, and 1 is not one-hundredth N 
part inhabited. 


It is amazing how poor the Fauna of this country is, 
partic ular ly in the mammalia and Aves. We have abun- 
dance of the /imia gibbon of Burrox: they are quite 
: black, about three feet high, and their arms reach to the 
ground when they ſtand erect; they walk on their hind 
7 legs only, but I believe very rarely come down to the 
ground. I have ſeen hundreds of them together on the | 
tops of high trees. We have ſeveral other ſpecies of the 
Mi Mia allo; but one ſeldom ſees them but at a great 
diftance. The oerong oatan, or wild-man (for that is the 
meaning of the words) I have heard much talk of, but 
never ſeen; nor can I find any of the natives here that 
have ſeen it. The tiger is to be heard of in almoſt every 


2 part 
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part i this iſland: I have never ſeen one yet, though I 

have frequently heard them when I have ſlept in the 
| woods, and often ſeen the marks of their feet. They 
annually deſtroy near one hundred people in the coun- 
3 try where the pepper 18 planted; ; yet the people are ſo 
infatuated that they ſeldom kill them, having a notion 
that they are animated by the ſouls of their anceſtors. 
Of tiger- cats we have two or three ſorts; elephants, 
rhinoceros, elks, one or two other kind of deer, buf- 
faloes, two or three ſorts of muſtelæ, porcupines, and 
F the ſmall hog-deer, ama compleat the catalogue of 
1 our mammalia. 1 5 
= Birds I have ſeen very few indeed, and very few ſpe- 
des of inſects. Ants, of twenty or thirty kinds, abound 
1' here ſo much as to make it almoſt impoſſible to preſerve : 
birds or inſets. I have frequently attempted it, but i in 
W vain. - 
| I have met with one inſtance, and one only, of a ſtra- 

6 tum of foſſil ſhells. I had ſome notion that it was an 
b obſervation (of CONDAMINE 's 1 think) that no o ſuch thing 
was to be found between the tropics. . 
The iſland of Enganho, though ſituated only about 

ninety miles to the Southward of Malbro', was ſo little 
known, on account of the terrible rocks and breakers 


which entirely ſurround it, that it Was even doubtful 
Vo L. LXVIII. Fr * . whether 
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whether it was inhabited: to this iſland I have made: 


voyage. With great difficulty and danger we beat up 


the whole South-weſt fide of it, without finding any 


place where we could attempt to land; and we loſt two 
anchors, and had very near ſuffered ſhipwreck before we 
found a ſecure place into which we might run the veſſel, 


At laſt, however, we diſcovered a ſpacious harbour at the 


South-eaſt end of the iſland, and I immediately went into 
it in the boat, and ordered the veſſel to follow me as ſoon 


as poſſi ble, for it was then a dead calm. We rowed di- 
rectly into this bay; and as ſoon as we had got round the 


| points of an iſland which lay off the harbour, we diſ- 
covered all the beach covered with naked ſavages, who 


were all armed with lances and clubs; and twelve canoes 


full of them, who, till we had paſſed them, had lain con- 
cealed immediately ruſhed out upon me, making a horrid 


noiſe: this, you may ſuppoſe, alarmed us greatly; i and as 
I had only one European and four black ſoldiers, beſides 


the four laſcars that rowed the boat ,Ithoughtit beſt to re- 
turn, if poſſible, under the guns of the veſſel, before | 


ventured to ſpeak with them. In caſe we were attacked, | 
ordered the ſeapoys to reſerve their fire till they could be 
fure their balls would take effect; and then to take ad- 


vantage of the confuſion our firing would throw the 


favages into, and attack them, if poſſible, with their 
bayonets. 


_— 
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bayonets. The canoes, however, after having purſued 
for a mile, or a mile and a half, luckily ſtopped a little to 
conſult together, which gave us an opportunity to eſcape 
them, as they did not care to purſue us out to ſea. The 
ſame afternoon the veſſel came to an anchor in the bay, 
and we were preſently viſited by fifty or ſixty canoes 
full of people. They paddled round the veſſel, and 
called to us in a language which nobody on board under- 
ſtood, though I had people with me who underſtood the 
languages ſpoken on all the other iſlands. They ſeemed 
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tolook at every thin 8 about the veſſel very attentively; 4 
# but more fr om the motive of pilfering than from cu- 
rioſity, for they watched an opportunity and unſhipped 

& the rudder of the boat, and paddled away with it. I fired 
1 T muſquet over their heads, the noiſe of which frightened 8 

wem ſo, that all of them immediately leaped into the 
ſea, but ſoon recovered themſelves and paddled off. 
They are a tall, well-made people; the men in ge- 
neral about five feet eight or ten inches high; the wo- 
men ſhorter and more clumſily built. They are of a 
red colour, and have ſtrai ght, black hair, which the men 
cut ſhort, but the women let grow long, and roll up in a 
circle on the top of their heads very neatly. The men 
So entirely naked, and the women wear nothing more 
than a very narrow ſip of plantain leaf. The men 
22 always 


7 . 
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always go armed with ſix or eight lances, made of the 


wood of the cabbage-tree, which is extremely hard; they 
are about ſix feet long, and topped with the large bones 
of fiſh ſharpened and barbed, or with a piece of bamboo 
| hardened in the fire, very ſharp-pointed, and its concave 
part armed with the j jaw bones and teeth of fiſh, ſo that 
it would be almoſt impoſlible to extract them from a 
wound. They have no iron or other metal that I could 
ſee, yet they build very neat canoes; they are formed of 
two thin boards ſewed together, and the ſeam filled with | 
0 reſinous ſubſtance. They are about ten feet long, and 
about a foot broad, and have an outri gger on each ſide, 
to prevent their over-ſctting. They ſplit trees into boards 
with ſtone wedges. 
Their houſes are circular, ſupported on ten or twelve 
iron · wood ſticks about ſix feet long: they are neatly 
floored with plank, and the roof riſes immediately from 
the floor in a conical form, ſo as to reſemble a ſtraw bee- 
Hive; their diameter 3 is not above eight feet. : 
Theſe people have no rice, fowls, or cattle, of any 
kind : they ſeem to live upon cocoa- nuts, ſweet potatoes, 
and ſugar-canes. They catch fiſh, and dry them in the 
ſmoke; theſe fiſh they either ſtrike with their lances, or 
catch in a drawing net, of which they make very neat 
"© = = 
They 
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They do not chew betel, a cuſtom which prevails uni- 


verfally among the Eaſtern nations. 
I went on ſhore the day after the veſſel anchored i in 


the bay, hoping to be able to ſee ſomething of the coun- | 


try, and to meet with ſome of the chiefs. 1 faw a few 
houſes near the beach, and went towards them; but the 


natives flocked down to the beach, to the number of 
= ſixty or ſeventy men, well armed with their lances, &c. _ 
| and put themſelves in our way ; yet, when we approached 
| them, they retreated ſlowly, making ſome few threaten- 
| ng geſtures. I then ordered my companions to halt and 
to be well on their guard, and went alone towards them: 
they permitted me to come amongſt them, and I gave 
them ſome knives, pieces of cloth, and looking-glafſes, | 
with all which they ſeemed well pleaſed, and allowed me 
= to take from them their lances, &c. and give them to 
FT my ſervant, whom I called to take them. Finding them 
to behave civilly, made ſigns that I wanted to go to their 
houſes and eat with them; they immediately ſent people 
who broug ght me cocoa- nuts, but did not ſeem to approve 


of my going to their houſes: however, 1 determined to 


venture thither, and ſecing a path leading towards them, 
went forward attended by about twenty of them, who, 
as ſoon as we had got hehind ſome trees, which pre- 


vented my people ſeeing us, began to lay violent hands 


near Sun: ſet, and we were near a mile from our boat; 
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on my cloaths, and endeavour to pull them off; but hav- 
ing a {mall hanger, I drew it, and, making a ſtroke at 
the moſt officious of them, retreated as faſt as poſſi- 
ble to the beach. Soon after we heard the ſound of 
a conch-ſhell; upon which all the people retired, with all 
. poſſible expedition, to a party of about two hundred, who 

were afſembled at about a mile diſtance. It was now 


and, as I was apprehenſive we might be way-laid i in our 
return if we ſtaid longer, I ordered my people to return 
with all poſſible ſpeed; but firſt went to the houſes the 
natives had abandoned, and found them tripped of 
every thing; ſo that 1 ſuppoſe this party had been 
: amuſing us while others had been employed in remov- 
ing their wives, children, &c. into the woods. I intended 
to have attempted another day to have penetrated into 
the country, and had prepared my people for it; but the 
inconſiderate reſentment of an officer, who was ſent with 
me, rendered my ſcheme abortive. He had been in the 
boat to ſome of the natives who had waded out on a reef : 
of rocks and called to us; they nad brought ſome cocoa- 
nuts, for which he gave them pieces of cloth: one of 
them ſeeing his hanger lying beſide him in the boat, 
ſnatched it and ran away; upon which he fired upon 
them, and purſued them to ſome of their houſes, which, 
os finding 


the and of Sumatra. 177 
finding empty, he burnt. This ſet the whole country in 
alarm; conch-ſhells were ſounded all over the bay, and 
in the morning we ſaw great multitudes of people aſſem- 
bled in different places, making uſe of threatening 
geſtures; ſo that finding it would be unſafe to venture 
anong them again, as, for want of underſtanding their 
| = l:nguage, we could not come to any explanation with 
| them, I ordered the anchor to be weighed, and failed out 
x of the bay, bringing away two of the natives with me. 
Sis our return home my deſire of ſeeing ſome yet un- 
explored parts of the iſland of Sumatra, occaſioned me 
to order the veſſel to put me on ſhore at a place called 
Flat Point, on the Southern extremity of the iſland, from 
whence 1 walked to Fort Malbro'. In this journey I 
- underwent great hardſhips, being ſometimes obliged to 
walk on the ſandy beach, expoled to the Sun, from fix in 
the morning till fix at night, without any refreſhment; 
| ſometimes precipices to aſcend or deſcend, ſo ſteep that 
we could only draw ourſelves up, or let ourſelves down, 
by a rattan; at other times rapid rivers to croſs, and then 
to walk the remaining part of the day in wet cloaths. 
The conſequence of theſe hardſhips has been a violent 

fever; but, much as I then regretted having quitted the 

ſhip, I had, when I came to Fort Malbro', more reaſon to 
rejoice; for I then found, that the veſſel, ip her voyage 
8 home, 
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home, was loſt, and every ſoul on board periſhed. This 
has, however, been a ſevere ſtroke upon me; for as [ 


was obliged to leave all my baggage on board, it being 
impracticable to carry it over land, I loſt all my cloaths, 
books, ſpecimens, manuſcripts, notes, arms, &c. from 
Enganho; in ſhort, almoſt every thing which I had either 
brought with me, or collected during my reſidence in 
this iſland. 
1 forgot to mention, that when 1 was at Tappanooly 1 
ſaw what ! find i in PURCHAS'S Pilgrim called ibe wwonder- 
Jul plant of Sombrero: his account, however, i 18 ſomewhat 
exaggerated, when he ſays it bears leaves and grows to 
be a great tree. The name by which it is known to the 
Malays 18 Lalan -lout, that is, ſea-graſs. It is found i in 
ſandy bays, in ſhallow water, where it appears like a 
i ſlender ſtrait ſtick, but, when you attempt to touch it, f 
immediately withdraws itſelf into the ſand. I could 
never obſerve any tentacula: a broken piece, near a foot 
1ong, which, after many unſucceſsful attempts, I drew 
out, was perfectly ſtrait and uniform, and reſembled i 
worm drawn over a knitting-needle; when dry it is a 
coral. 
The ſea cocoa-nut, which has long been erroneouſly 
conſidered as a marine production, and been ſo extremely 
ſcarce and valuable, is now diſcovered to be the fruit of 
| a palm 
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a palm with flabelliform leaves, which grows abundantly 
on the ſmall iſlands to the Eaſtward of Madagaſcar, 
called in our charts Mahi, &c. and by the French Les 
Iſles de Sechelles. To theſe iſlands the French have ſent 


a large colony, and planted them with clove and nutmeg- 
wess as they have likewiſe the iſlands of Bourbon and 


Mauritius. 
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XII. 4 Meteorological Diary, &c. kept at Fort St. George 
in the Eaſt Indies. By Myr. William Roxburgh, Aﬀif- 
tant-/urgeon to the Hoſpital at tbe ſaid Fort. Commu- 
nicated by Sir John Pringle, Bart. P. R. S. 


HE manner in which 1 keep my me- 
teorolo gical obſervations i is as follows: 


Read Jan. 29, | 
0 17 77. 


A thermometer without doors; a barometer and ther- 
a mometer within doors: - the barometer and thermometer 
| within doors are kept cloſe together, for the ſake of cor- 
recting the barometer if required. I obſerve them three 
times a day, as fer diary. I alſo ſet down the direction 
and ſtrength of the wind, and the ſtate of the weather, 
1 diſtin guiſn four degrees of ſtrength of the wind; 
namely, gentle, briſk, ſtormy, and what we call a tufoon 
in India, which. you will find marked with the numbers 
1, 2, 3» and 4, beſides no ſenſible wind, which! 18 marked 
with a cypher. e | 
Iam aſhamed to ſay, that the rain- gage I had during 
the rainy ſeaſon was ſo indifferent, that J could not with 


id PST ee of Ay meaſure the quantity of rain that 
fell 
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fell here. I have now got a tin cylinder, 5=ths inches in 
diameter, or 16£ths inches in circumference, and 30 
inches deep: the quantity of rain that falls I intend to mea- 
ſure with a ſcale divided into inches and twentieths of an 
inch; the depth ſhall be fet down every morning if it 
has rained. 1 have it placed on the roof of my houſe, 
| which is about twenty-five feet hi gh; at a conſiderable 
I diſtance from any other building, &c. except the hoſpi- 
tal, which i is diſtant about one hundred yards, and of the 
fame height; no trees above twelve feet high within 
many hundred yards. 8 5 
The thermometer without doors I have placed under 
a a ſmall ſhady tree, through which the Sun cannot pene- 
I trate, at the ſame time it is well expoſed to air and wind. 
Every inch on the ſcale of the barometer 1 uſe 18 divided 
into twenty equal parts; it is a portable one, made by 
| RAMSDEN. = | 
The tube of the thermometer without doors i 1s twelve 
inches long, Placed upon a plain open box-wood ſcale, 
made by NAIRNE and BLUNT. 
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Mr. ROXBURGH' 8 Meteorobogical *** &c. 


e Z £ IT Ld Wii ba Tk weather, &c. at 
N 58 2 22 Barom. | Fort St. George. 
E 3 „„ Str. points. Gp 
| 1776- ET PR 
lor. 118 | — 80 29.18 1 W | Cloudy, ſome rain in the night. 
| 15 — | 83 inen W Cloudy. 
I 10 | — | 82 29.18 © — | Some clouds, | 
| 2 18 | — | 80 | 29.17| 1 | Cloudy, much dew on n the graſs. 
i 2 | — 87 29. 10] 0 | — Many heavy clouds all round, very ſultry, | 
| tt IO | — 81 30.001 | W Cloudy, rained hard two hours this evening. | 
2118 — 79 29.14 1 | W | Fair, much dew. * 
11 — | 89 | 29.13] 1 | W Fair. 
10 — | 83 | 29.17| 0 {| —— | Hazy, ſome clouds. 
. 4 18 | — | 79 | 29.18] 1 W Fair. | 
* 2 — 88 29.19 1 N | Hazy, ſun- ſhine. 
| 10 — | 83 | 29.19] © | — | A few clouds, exceedingly cloſe. | 
5 18 | — | 80 | 29.18] 1 | W Fair. 
| 2 — 388 29.17 2 N Fair, cher. roſe tog1* in the wind, 
194 — 85 29.1 e eee Fair. 1 
6 18 | — 80 29.19 o — | Fair, much dex. . 
| 1 | — | 87 29.18 1 | ESE | Fair, the ſea-breeze juſt © come in. 
10 — | 84 29.181 8 (Far... . 
7] 18 | — | 82 | 29.19] © | — [Fair. 
b | 2 | — | 87 | 29,19] 2 | NE | Fair, very pleaſant. | 
| 10 — 84 29.19 1 N Clear, not a cloud to be ſeen. | 
$1172 | — | 82 | 29.19] © | — . 1 
2 — 86 30.00 1 1 „„ 
10 — | 83 29.190 — | Fair. 55 | 
| 9 18 | — 79 29.190 — | Fair, 
2 — | 85 29.19 2 | NE Fair. 5 1 
10 — 8329.19 1 N Fair. 5 | 
10, 18 | — | 79 | 29.19] 1 | NW | Fair, a little dew. | 
i 2 | — | 8; 29.18 1 | NE Fair. i „ 
10 — 83 29.19 1[ E Clear. — 
1118 — 80 29.190 — Fair. 
2 — 8529.19 2 | NE Fair. 
10 — | 83 | 30.00] 1 | NNE Clear. 
12 18 | 73 | 81 | 29.19] 1 | NW Fair and pleaſant, a little dew. 
2 | 85 | 85 | 29.19] 1 | NE Fair. 
10 | 831 83} 29-19} 1] N - Far... 
13) 18 | 74 | 32 | 29.19} 0 | — [Fair. 
| | 1+ | 87 | 85 | 269.19} 1 E Fair. 
* 10 1.82 | 83 | 30.00 1I E Fair. 
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CRE NET] 
=2 82 © S |Barom, |—— State of the weather, &, 
3 5 2 — 2 Str. Points. 
cs ts e e "OP Pony N 
| | | 
18 74 | 82 29.191 NW | Fair, | 
13 | 87 | 85 | 29.19| 1 | E Fair. | 
L | 82 | 83 29.19 1 | NE Fair. | 
18 | 76 | 83 | 29.19] 1 | NW Fair. 
\ 3 | 87 | 84 | 29.19] 1 E Fair. | 
103 | 82 | 81 | 30.00] 1 | NE Fair. | 
18 | 80 | 83 | 30.00] 0 — Afﬀewlightcloudsround the horiz, | 
| 2 | 86 | 86 | 30.00 1 | ENE Fair. | 
| 10 | 82 | 84 | 30.01] 1 | NE Fair. 
17] 18 | 76 83 30.00 þ © | —— | Fair, 1 1 
10 | 82] 64 | 20.00] 1 | E Fair. "I 
18] 18 | 76 | 81 | 30 000 — Fair. 
218687] 30. 1 E Fair. 
| 10 | 82 | 84 | 30.00] © | — A few clouds, | 
19] 18 | 75 | 81 | 29.19 1 | W | Hazy, little or no dew. | 
— 1 QL | 89 | 29 19 1| N | Hazy, can ſee the ſea- breeze at a diſtance, | 
83 | 83 | 85 | 29.19] 0 | — Fair. 
20] 18 | 76 | 81 | 29.19| 1 | W Fair. 
2 | 86 | 85 29 19| 1 | SE | A little hazy, 
| 10 | 83 85 230 OO 3: 8 | Hazy, a large woolly * round the Moon. 
21] 18 | 77 | 82 | 30.00] 1 | W | Clouds to the eaſtward, 
23 | 79 | 83 | 3000| 2 | SE very black inthe SE, begins to blow hard. 
2 | 85 84 29.191 1 | E | pair, all the threatening come bn 
10 81 | 83 30.011 1E (Clear. 
22] 18 | 75 | 82 30 0 1 | W | A few clouds. 
| 2 | 88 | 87 | 30.00] 1 | E | Black to the Eaſtward. 
| 10 | 80 | 83 30.0110 — | A few clouds. | 
23] 18 | 75 | 62 | 30.00| oO | —— | Fair, a ſhower in the night. 1 
982 | 84 30.00 1 | SE Fair. | 
24] 28 76 82 | 30.00| o | — [| Fair. 
| 2 | 87 | 87 | 29.19| 1 | E | Fair. 1 
10 81 | 84 30.00 © — | Cloud: round the horizon, 1 
25 18 | 75 | 82 | 29 19| © — | Some clouds. | 
2 | 86 | 85 | 30.00| 1 E | Some clouds. 
10 74 | 80 | 20.co} 1 | N | Hard rain lince 7, and continues. 
26} 18 72 77 30 00 3} N Hard rain, ſome light. and thund, 
2 | 79 80 29 19 2 | N {|Rained till I, now cloudy. 
1179 80 | 29 19 | 1 | N Cloudy. 
ES Ks CEL LE 2 — — — * 
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] E . [8 38.8 1 Viads, 5 ; By 
1 523 38 5 = Barom. — State of the weather, &c. 
| 192 >r.[Points. | 
2177 -6 |. | [ COT 
Oct. 27 18 | 74 | 58 | 29.19] 1 | NW Cloudy. 
2 | 83 | 83 | 29-19] 2 | N Cloudy. 
92 Þ 2, 80 2971 18 ET I | Cloudy, with fome rain, lightning to the 8. | 
28 18 | 74 7929. 181 N Cloudy. ; g 
6 | 86 7829.18 1 | NW | Cloudy, has rained hard and has] Y 
. 1 10 | 75 | 78 | 29-191 © | — | Cloudy, rainy, lightning. 9 I 
291 18 | 74 | 78 | 29-17] © | — Cloudy. UW. 
1 14 | 83 | 8x | 29-18] 1 | SE | cloaty, frequent hard ſhowers, with thunder} I 
975 | 79 | 29-19] 1 | SE | Cloudy, dino. ; 
30 18 | 74 | 78 29.1800 — | Cloudy, ditto. 3 
| 1485 neee Fair all forenoon, now begins to blow and rai, 2 
1 11079 81 | 29-i9] 1] E | Cloudy round the horizon. 1 
] 31 18 | 58 | 80 30.000 — A few clouds. 
| "EI GC} 8230.00 2 | ESE {| Fair. 
| 10 | 79 | 81 | 30-00| 1 | ESE | Clear. 
[Nov. 4| x8 | 58 | 8& 3000 1] E [Fair. 
| | 2 | 85 | 83 | 30-00] 2 | ESE A few clouds. 
10 79 | 80 | 30.00] 1 | E Fair. 
218 | 77 | 8 30.001 E 
284 | 84 | 29.19] 2 | NE Fair. 
j | 1x | 78 | 8x | 30.00] 1 | NE Fair. 
J } 18 | 56 | 80 | 29.19] 1 | W Fair. 
| | 2 | 85 | 84 29.19 2 N | Fair. 
| 10 | 78 | 81 | 30.01] 1 | N Fair. 
| 4 18 | 74 | 78 | 30.00] 1 | N Cloudy. 
i -|- 2 | 85 | 83 | 30.00 2 N | Cloudy, threatens to the NE. 
4 10 | 79 8130.00 2 N Cloudy. 
5 18 | 73 | 80 | 39.00] 3 N | Cloudy, begins to rain hard. 
| | 2 | 73 | 76 | 30.00] 1 | NW | Hard rain. 
| 9 79 | 78 | 30.00] 1 | NE | Rainy, very dark. 
i 29.19 1 | NW Cloudy. 
2 81 79 29.19 2 N | Cloudy. 
10 77 7829.18 2 N | Cloudy. 
41 18 | 71 | 76 | 29.19] 1 | NW | Cloudy, rained hard in the niche. | 
2 | 74 | 79 29.19 2 | N | Cloudy, frequent hard ſhowers. | 
10 | 73 | 77 | 29.18] 2 N | Cloudy, ditto, very dark, 
81 18 72 | 76 29.1771 W Cloudy, into, 
| 3| 75 | 75 | 29.16] 1 | NW |©loudy, ditto. 
| | 10 | 71 | 74 | 29. 17|2 | NW — — ar. . 
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kept at Fort St. George, 


—_— inds. | | 
” 5 4 2 Barom L 5 | State of the Weather, &c. 
| 33182822 Een 

2 * 27 — — 2008 ee 3 
3 BE | >a . 

5 | 5 NW | Cloudy, frequent hard ſhowers. | 
Nov. 9 8172} a ; 2 NW Cloudy, looks threatening. | 
1 2 76 6 . = 17 - | 5 Cloudy, lightning. | 
| 0.1 8 m 4 > 4 1810 — [a few clouds, a great dew on the graſs. |. 

10 18 | 8 | / 6 4 17] 1 | SW Cloudy, ſmall rain at times, = 
ol [3 mis} e 
1-1-7 | ha | 4 1800 — | A dark cloſe morning. | 
11] 18 | 74 1 7.4 18 | 1 | NE | Hazy. | 
3 | 19 | x4 19 oO | —— | Some clouds. | | 
W 18 1 | SW | A cloſe, rainy morning. 8 
12187377 146 1 0 | — Cloudy, has rained all forenoon. | 
277 " = le. 
11075 ho . 1E | Cloudy, a great dew. 
3 1 | 35 80 = 11 8E A pleaſant ſea- breeze. + 
„ | —— | Fair. | 
14139119] 3 3 . hazy, and black to theNE. | 
14 18 75 19 | 38 2 | NE - Juſt begir.ning to rain hard, 3 
8.1 7 | {9 - oo © | — | Fair, rained only ot 30 E- 0 
+ 2 80 30 01 =P NE | Farr. „ | 
I 0.00] oO | —— | Fair, a great dex. | 
15] 18 35 29 3 21206 168 ? 
SIT] 87 0 oi | NE Fair. 5 
10 79 * 3 1 | NW | Many heavy clouds at a a diſtance. 
a y 32 - oo 1 | NE | Fair, . 
2 4 | 82 Q.02 I | NE | Some clouds, = 
18 | 79 80 3 x | NW | Cloudy. 1 
17 1 25 T9 þ 200 ) 
[3 ; 81 == 31 IG. - | 
VET] 80 | cape 1| N [| Fair, much dew. 
* * | {7 1 84 op 1 NE Fair, 
$818 81 } 30.02] 1| N Fair. 
An 
7 5 5 32 | 83 30.00 | I N | Fai, | 
11 85 | 80 30.01 1 | N Clear. 5 | 
191 7 6 | 30.01] 1| N Cloudy. 
"73 [4 is 0.01] 1 | N- | Hazy. 
1 $1 2 1 | NW || S-me elouds, 
21 18 74 8 | 30.01| 1 NW. Some clouts. = | 
2 | 860 80 39.01 2:4 N _| Some clouds. R | 
1770 
I. — 


ma 2 
a 8 — a a - X - 
— 2 : * > ” ——_ 7 2 
1 " . — x p — — — — , 
__ 2 — d4 = n - . — — — — ——— — — — - — * * 
2 — — — — . — — — — — — — 2 
— — — — ” « — 
— — - — — 
1 = _ 4 2 as WI L — "no 
- ? 2 -- _— — — Ry — — - — , = 
_ 1 a — — >} — ——— . : 
2 » — _ *. — ——  M— = — — — — — -- — — 
— — 2 — _. - — he = 
— — — & = - - - ' _ . =: ——— g 1 
5 - ” " 4 , — 2 22, LOT * * — — — * — 
4 2 - * — * 4 * Cw * be _ _ 8 - - 9 — - — 
5 — 2 
- == N n_ — 8 0 - ——_ — —— . — 
— - S — — .“.l — 
LS. N . 0 — - JR - « * 4 p — 3 
YL 2 FER * . 4 — — —— — — = — „ 1 4 * * v2 — 
— — — - . — * — —— — 2 p _ _ - 
— — <7 - 4 * — — j K — - 
yr — — — — o — — — 
5 * 2 5 
— - 
* s 
a : * 


: 13 — Tn 
—— - r 
— — — —— 
—— ů ů ů*—¹1w²i2 
* —— — 1 = — 


——*— — 


186 Mr. ROXBURGH'S Meteorological Diary, &c. 


% 


T 


* 15:15 8 EE „ 3 pw . 
28 2 83 Barom. — State of the weather, &c. 
S2 — 8 -* Str.] Points. 
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30.01 


30 01 
30.02 
30.00 
30.01 


30.01 
30.0 1 


30.01 
30.01 
39.01 
30.01 
30.00 


30.01 
30.01 
30.00 


30.01 | 
30.01 


30.01 


30.02 


| Fair, 


Cloudy, 


Fair. 
Fair. 


Fair. 
Fair. 
Fair, a 


eat dew. 
Fair. AO 


| A little hazy. 


| A few clouds and gre 


Some clouds. 
Fair. 
Fair. 

Fair. 

Fair. 

Fair. 


Fair. 


Fair. 
Fair. 
Clear. 
Fair. | 
| Fair. 
| Fair. 


Fair. 


Tan. 
Some clouds, 
Some clouds. 
Some clouds. 
| Some clouds. 
| Fair, 


Fair. 


Cloudy, dark, and threatening. 
Cloudy, ſtill gloomy. 
Hazy, with ſome clouds. 
Cloudy, little or no dew for ſome morn, paſt, 
Cloudy. * 
Hae =. at & paſt 8, two ſlight 
| | ſhocks of an earthquake, 
| CIOnny.. e 


at dew. 


. kept at Fort st. George. 
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”_ ss Zs E Winds. | LO HO ENS RY 
2418 * 0 = Barom. - — State of the Weather, &c. 
32 EF Str. Points. 5 , | 
— — > 2 Oints. 
| ED 3 5 
Dec. 7 18 | 76 | 80 30.01 2 | NNE PR clouds, had a light ſhower. } 
| o | 81 | 81 | 30.01] 1 | NNE Fair. 
111479 80 30.01 14 N Fair. i 
8 18 | 72 | 80 | 30.01] 1 | N Cloudy. 
| 1 | 82 | 81 | 30.01] 2 | N [| Cloudy, looks black to the N. 
117679 | 3902| 2 | N A ear, hard rain between 1 and 2. ö 
91 187717830032 N Cloudy. 3 
| x1 | 81 | 81 | 30.03] 2 | NNE | A few clouds. 
10 | 76 | 79 | 3003] 2] N A few flying clouds, 
10 18 | 75 | 77 | 30.03 2 | N | Fair, 
280813001 1[ N [Fair. 
67678 30.01 2 N Cloudy, raincd hard all day. 
14 18 | 76 | 57 3001 1 | N Fair. 
_ | 2 | 86 | 8&0 30.01 2 | N [Fair. 
14117679 30.02 1] N [| Fair. 
15 18 | 70 | 75 | 30.02] 1 | NW Fair. 
| 1] 79] 79 30.02 2 | N [Thin clouds. 
16] 18 | 50 | 56 | 30.01] 1 | NNE | Fair. 
| 1] 79] 79] 30-03] 1 NE Fair. 
11921 77 | googt 11 N jJFar, 
{ 17] 18 | 67 | 74 | 30.02] o | — | Fair, much dew. 
JJC. #  iFab. 
| 42 24 | 78 | 39.02] 1 | N Fair. po 
18 19 | 67 | 75 | 30.02] © | — | Fair, a great dew. 
YI ” 95 30.021 NNE | Fair. . | 
107478 30.021 N Fair. | 
19] 18 | 64 | 76 | 30.02] 1 | N | Fair. 
| 2 | 80 | 80 | 30.02] 1 | NNE | Fair. 
11 | 76 | 78 | 30.02] 1 | NE Fair. 
| 20 17 | 69 | 35 30.0220 — | Fair, 
2 | 80 O | 30.02 1 NE Fair. | | 
21] 18 | 70 | 97 | 30.02] 1 | NW $44 
„ „ Fair, about 9 nd 10 A.M. the 
= 3 | 79 | 80 | 30.02] 1 | NE barometer is generally about] 
| | | _ 4 | 20 or . 
45 75 | 80 | 30.02] 1] N LES 5 
( 22] 18 | 50 | 58 | 30.02] WNW Fair, a little dew, 
2 | 80 | 81 | 30.02] 1 | NNE | Fair. 
LT $3364 1 57 N Fair. | 
vol. LXVIIL * B b 2770. 
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| Kay | . N | * 1 — a — e 
11 e 848.8 | Winds. 
1 3 IE © od ade EY 3 ol 
; 1 1776 | Rep | 
= per. 23 17 | 66 | 75 30.0111 
23 3 | 379 | 82 | 30.00] 1 
975 8 | 30.01 W 1 1 
224 18 | 68 | 77 300111 , a little dew. 
| 4 | 80 | 79 | 30.0x| 1 | mY 
| f | 11 | 74 | 80 30.021 
25| 19 | 68 | 77 30.021 
| 1 | 81 | 81 | 30.01] 1 . 
| 40 19 | 69 | 78 | 30.0110 4 much dew. 
Z 24 | 80 80 30.00 2 A * clouds, 
G2 1175 7930.02 1| E 
220718 66 | 56 | 30.00 I | Fair. 
SB | 80 | 30.00| I Fair. 
[ 917679 30.011 A 
22828 18 | 69 | 77 | 30.01 4 Fair. 
111 Fair. 
AF I AS # 75 | 1 | 30.02 | I Fair. 
29] 18 | 6g 7830.02 1 Fair, 
I '| 2 | 79 8130.02 1 | Fair. 
— 1175 | 78 | 30.03] 1 Fair. 
þ 300 18 | 75 | 77 | 30.02 1 | Cloudy. 
| | 1] 79 | 79 | 30.02| 2 Fair. 
| 12 | 72 | 7930.03 2 Cloudy. | 
231 18 | 55 | 58 | goog[ 1 Cloudy, rained hard in the night, 
1:41 901 70 | eel 2 Fair. 
11| 72 7930.02 2 N | A few clouds. 
] 2773 11 18 | 76 | 78 | 30.02] 2 | NE | A few clouds. 
I 3| 80 | 80 | 30.02} 1 NE Fair. | 
2] 22 | — 7730.03 1] N | Fair, found my out therm. broke | 
| 3 11 | — | 77 | 30.03] 1 | NE Fair. 
| 41 18 | — | 76 | 30.03] 1] N | Fair, 
[ 1 | 80 | 82 | 30.03] 2 | NE Fair. 
| 10 76 | 76 30.04 1 | NNE Fair. 
| 5] 18 | 74 | 75 | 30.031 N Fair. 
1 | 82 | 80 30.030 21 N | Cloudy, at 10 barometer at 30:%/ 
| 6| 18 | 73 | 75 | 30.03] 1 | N | Fair. 
n 39.03| 2 | NNE | Fair, 
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Fair. 


Fair. 
Fair. 


Fair. 
Fair. 


| Fair. 
Fair. 


Fair. - 


Fair. 
Fair. 
N F air . 


Fair, 
F Air. : 
Fair. | 


| F alr. 

Fair. 
| F air. 
Fair. 
Fair. 
Fair. 
| F air . 

| Fair. 
Fair, 
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XIII. Experiments upon Air, and the effects of different 
kinds of Effluvia upon it; made at York. By W, 
White, M. D. F. S. A. Communicated by John 
Fothergill, M. D. F. R. K 


J 


Read Feb. * 


4 HE experiments of which the follow. 
— 


ing are only a part, and which I pur- 
poſe at my leiſure to purſue farther, were ariginally 
undertaken with the deſign of aſcertaining the ſtate of 
the common atmoſpheric air in and about this city. But 


in order to form a juſt idea of this, it ſeemed to me ne- 
ceſſary to find, by exact experiments, the real effects of 
5 the different kinds of effluvia upon air, eſpecially ſuch 
as are in a natural ſtate conſtantly mixing with the at- 
Fi" moſphere, and to the effects of which all reſpiring ani- 
I mals are conſtantly expoſed; ſuch are thoſe from animal 
. and vegetable ſubſtances, and from different kinds of 
ſoils. As the reſult of thoſe i inquiries appeared to me not 


= 
= 
= - 


only curious, but in a medical view very intereſting, 1 
am in hopes Wer may be acceptable to the Royal So- 
ciety. ; : 

It 


mn 
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Dr. WHITE'S Experiments on Ar, Re. 795 

It may not be amiſs to premiſe A ſhort deſcription of 
the ſoil and ſituation of this city. 

It is for-the moſt part 'built upon a moraſs; this 18 
more particularly the caſe in the part of the city ſituated | 
to the Eaft of the river, which is much the largeſt. The 
ſoil to the Weſt of it is more of a ſand or clay. It is divid- | 
ed into two unequal parts by the navigable river Ouze, 
running from N W. to S. E. Its ſituation 1 is in the middle 
of an extenſive vale, well cultivated, and drained i in gene- | 
ral; norisit kept very moiſt and unventilated by numerous 
thick woods. We have no very high grounds near us, 

but at ſome miles diſtance; eſpecially | to the N. and E. 
E are high hills of great extent, called the Wolds. To the 
2x South there is a gradual deſcent down to the Humber. 
our waters are in general hard: we have one or two 
ſprings of exceeding pure, ſoft water. Some of our 
ſprings contain a confiderable quantity of various neutral 
ſalts, eſpecially the magnefia and Glauber's falt, ſo as to be 
I purgative: we have two or three pretty ſtrongly chaly- 
| beate. The higheſt fate of the barometer in the three 
B bſt years was 30.58; the loweſt, 28.20. Thermometer 
in the ſhade; higheſt, 8 1; loweſt, 8. Having no Om- 
brometer, ſhall only obſerve in regard to rain, that in 
1774 we had 193 days in which more or leſs rain fell; 
m 17 57232 days; and in the laſt year, 240. 
Vo l. LXVIII. * Beſides 
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the Foſs, which, riſing about twelve miles Eaſtwards of the 
city, runs towards it, and, waſhing the caſtle walls, emp- 


winter, overflows a large quantity of land, which in ſum- 
mer and autumn becomes an offenſive, ſtinking moraſs, 


healt fulneſs of the evaporation from ſome hundred 
acres of ſtinking mud, is farther increaſed by its being 
made a receptacle for all kinds of naſtineſs; in this re- 


deen its ſtate many ages: LELAND thus ſpeaks of it, 
Foga amnis pi ger inſlar flagn antis aqua colleclæ ex Pluvid 


perſons were puniſhed for erectin g porcarie [hog” 5-ſtyes] 
upon the ban ks of the foſs: and in HENRY the fourth's time 
the throwing in of dung and other naſtineſs into the foſs 
was forbid under the ſevere! fine of one hundred pounds, 
as we find! in DRAKE' 8 Eboracum. 


to for a more important purpoſe. The draining of i it has 
been ſome time in agitation, the utility of which is 


Beſides the navigable river Ouze, we have a brook called 


ties itſelf into the Ouze. This ſtream, after floods and in 


urr unding the Eaſt part of the city. The un- 


ſpect we are more remiſs than our anceſtors. This has 
et terræ uligine, originem babet &c.” In the thirtieth year 


of EDWARD the third, before the king at'Y ork, divers 


This was all done for 
the preſervation of the fiſh; 1 with: it was now attended 


obvious. 3 
The 


| 8 1 197 
The apparatus uſed i. in e the following experi- 


ments is very fimple; and, though leſs oſtentatious, may _ |. 


perhaps be more accurate than more complete inſtru- 
ments. Firſt, a veſſel full of water, of a proper ſize and 
8 figure. Secondly, a common barometer tube of a lar Se 
bore, ſo that an ounce phial full of air, being int roduced 
into it, occupied at a medium 134 decimal parts of an 
inch; and upon a further addition of an half-ounce phial 
of nitrous air, 205: this tube is graduated by inches and 
decimals. Thirdly, glaſs funnels, with necks of ſuch a 
ie as to enter the tube. 
The air, the ſubject of the experiment, Was conveyed 
into the tube, by means of the glaſs funnel, under water; 


Z the nitrous air is then added to it by the ſame method. ; 


The ſpace occupied by them both, immediately upon 
mixture, is noted down, as alſo the time by a watch: 


after ſtanding the appointed time half an hour, except 


where i it 1s mentioned otherwiſe) the ſpace then occu pied 


is marked down, which being deducted from the firſt 


gives the reſult of diminution ſought for: for example, 
an ounce phial of air from a putrid plumb, with the ad- 
dition of half of nitrous air, took up the ſpace of 19 5 
(part of the firſt being abſorbed by the water in its paſ- 
ſage through it); after half an hour, ſtill 195; ſo that no 
diminution. following, it was known to be mephitic. 
Ge 2 Auguſt 
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Avguſt: zoth, the ſame quantity of the air of my garden, 


with the nitrous, occupied 205; after half an hour i 
was diminiſhed to 145, which being. deducted gave 6a, 


the ſtate of the air that day; and ſo of the reft: F 
3 medium ſtate of the air of the atmoſphere, / 
in upwards of two hundred experiments, Was 0 or ' 


615. B 
Exp. I. Sept. 1 3th, it was in the worſt ſtate 1 ever ob. 
1 it, 8 89, the barometer being 30-30, thermometer 
69˙, with a calm, clear ſky, wind S. E. air dry and ſuk 
try, no rain having fallen for above a fortnight; on the 
fame day we had a {light ſhock of an earthquake; = M 
EXP, II. Sept. zoth, much rain falling, oe 


18 i 


30. oo, thermometer 60? wind being South, it was 3 
EXP. III. The next day, Sept. 21, a high wind Were 
the air, barometer 29: 503 thermometer 52% the air was 
64. It was the ſame Oct. 5, the wind Kea and Weſterly. 
This was the pureſt 1 ever obſerved. V 
95 Exp. IV. I have only obſerved it o good as 68% in 
three inſtances, Auguſt 16, Sept. 20, and 293 theſe were 
all ſhowery days, with a briſk wind. 
EXP. V. As to the influence of the different winds 
upon one atmoſpheric air, my experiments are as yet too 
few to aſcertain it. I have generally found it the pureſt 
8 during 


199 
during Weſterly winds, and the worſt when it blew from 
the Eaſterly points. 4 

EXP. VI. The difference of the air a little way out of 
the city, from that in the city itſelf, i 18 perceptible enough. 
Auguſt ↄth, the air of the city was 39, beyond the city 
walls 62“. On the I ith of the ſame month, the firſt 
was 60, the laſt 62. p 

EXP. VII. Common air r being briſkly agitated with 
water forhalf an hour, was found to be made worſe. In 
one experiment it was reduced from 595 to 57%; ; in ano 
ther, from 61 to 39 in a third, 1, from 61 to 57's ina 
fourth, from 62% tos 8%. Air obtained from glazier's 


putty by the nitrous acid was meliorated by the ſame 
proceſs. 


on Air, &c. 


Ia order to find the effects of animal exhalations upon 
air, the following experiments were made. 


EXP, VIII. The air of my bed at night I found to be 


62 the next morning it was reduced to- 582; this Was 
ſeveral times repeated. The diminution here will appear 
very confiderable upon obſerving, that it was the effect 
of the breath, c. of a ſingle perſon, in a large, airy 
room, the bed-curtains always open, except on the ſide 
facing the window, which is quite open to large gardens, 
and never ſhut with curtains. It fully ſhews the unwhole- 
EE ſomencꝶs 
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experiment. 


| fered to remain therein twenty-four hours: the fleſh was if 
then perfectly ſweet, but the air was much injured, be- 

ing diminiſhed from 64 to 55. Being left together 
twenty- four hours longer, the air was reduced to 10), 


only ſmelling rather faint and muſty. 
from the fleſh, whilſt yet void of any putrid ſmell, ſo as to 
pure phlogiſton. Hence it ſeems, that this principle 1 


capable of riſing, 7 per fe, uncombined with the ſaline 
part of animal bodies, the union of which | is ſuppoſed to 
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ſomeneſs of ſmall rooms, cloſe beds, &c. eſpecially ; in 
diſeaſes. - 
EXP. IX. Some air which I had reſpired as long a 
could be without manifeſt inconvenience, was by it re- 


duced from 62* to > 40" This illuſtrates the — 
EXP. x. A ſmall piece of freſh veal was put 1500 
phial containin g eight ounces of common air, and uf. 


or rendered nearly mephitic; yet the fleſh was not putrid, 
It is evident from hence, that ſomething had e 


render the air very noxious: 1 ſuppoſe this effluvia to be 


give the putrid ſmell. It proves Sir JOHN PRINGLE's ſup- 
poſition, that phlogiſton, when ſingle, i is imperceptible 
to the ſmell; but I think it alſo ſhews it to be peſtilen- 
tial. In our experiments it was devoid of ſmell, conſe- 


quently contained no mixture of volatilized acid; yet it 
* : had 


on Air, 8c. * 201 
had the common property of all putrid effluvia, that of 
rendering common air noxious. 

5x9. XI. Air taken from within a privy was found in 
ſeveral experiments to be equally good with the common 
atmoſpheric air. One trial only gave a different reſult; 
| here the external air being 6g®, that of the privy was 


only 60%. > 


ſuppoſition. | The recent excreta of a perſon in perfect 


| neceſſarily partake of the general ſtate of the ſyſtem, 
and become very noxious and in fectious. 

EXP. xII. The following experiments were made to 
diſcover the effects of vegetable effluvia upon air. They 
were put into a phial of air, containing eight ounces, 


few > caſes petionianty noticed, 


The reſult of theſe experiments was contrary to my 
expectation, and I was not ſatisfied without making ſeve- | 
ral trials. Sir JOHN PRINGLE obſerves, that the faces bu 
mane are, perhaps, in a natural ſtate little if at all in- 
fectious. Theſe experiments confirm the juſtneſs of his 


} health are here underſtood; in putrid diſeaſes they muſt 


immediately after being gathered out of my garden; 
the time of ſtanding together half an hour, except in a 


Flowers 


* 
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Flowers of Ulmaria, diminiſhed it from . 6) to © 
Ten-week Stocks, * 658 to 5; 
Mignionettec/e 60 to 54 

Calendula vulgaris, 5 a 

French — --. >... WS 
Naſturtium indicum, TE : * Gotog: 
| Carnations, F 60 to 56 

Tree primroſ ce ” Go to 56 
Antirrhinum, C ns 

Leaves of Sage „ „ Oxw x 

"Thyme, . 54 561 to 56 

Mint (common) 0 1 61 to 57 

Ditto (pepper 61 t0 5) 

Parſley, 3 3 „ is 


It is ; evident from theſe experiments, that vegetables, 


when freſh and vigorous, exhale a noxious matter in 
conſiderable quantity, which quickly renders common 
air noxious. This is moſt remarkable in the flowers, 
next in the leaves, and this i in Proportion to their firm 
nefs.and texture. 

EXP. xIII. In the laſt experiments we have ſaid, that 
the air only ſtood in contact with the vegetables half an 
Hour; let us ſee here what effect a longer time of ſtand- 


ing together may have, viz. 16 hours. 
Flowers 


071 Air, &c. : 203 


Flowers of Ulmaria diminiſhed it from 60 to 2 
Ten-weeks ſtocks, K . 60 to L 
Leaves of Sage, CV» ̃ * 


The vegetables were at the end equally ſweet as when 
flirſt gathered and put into the phial of air. 
Theſe facts are very curious, intereſting, and con- 
vincing. It i is amazing, that vegetables, whilſt freſh and 
free from the leaſt degree of putreſcency, ſhould have 
ſuch a noxious. tendency as t to ſpoil the air, and render it - 
not only uſeleſs but fatal to > animal | life, and that in 1 fo 
ſhort a time. „ 
3 We have here a Arkin 18 example of the neceſſity of 
B faithful experiments: : by them alone we can add cer- 
| tainty to ſcience, and develop nature in her moſt ſecret 
7 and abſtruſe operations; and as ſhe is unchangeable 1 in 
herſelf, every diſcovery extorted from her is immutable. 
For want of attention to this laborious but ſole method 
of comin g at truth, itisa pretty general opinion in the 
| World, that even rotten vegetables are little noxious: and 
a late author, whom 1 only mention becauſe his book i is 
pretty generally read, in a chapter upon putrid fevers 
and infection, expreſsly ſays: : The effluvia of rotten 
* vegetable matters have little effect in contaminating 
Vor. LXVIII. e .-. © the 


limb. A dreadful fever Was cauſed at Venice by a quan- 
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„the air; from ſome experiments it appears, that they 
« poſſeſs rather an antiſeptic virtue.” 
We know, however, by f atal experience, that both ani- 
mal and vegetable ſubſtances, when in a corrupted ſtate, 
are the obvious ſources of the moſt dreadful and alarm 


ing diſeaſes, from the mildeſt putridf fever up to the Plague 
itſelf. Sir JOHN PRINGLE gives us an inſtance of the jzil 
or noſpital- fever, cauſed by the infection of a gangrened 


tity of corrupted fiſn; and at Delft by putrid cabbages 
and other vegetables. Many inſtances of this kind may 
be brought, by which countries have been almoſt depo- 
pulated. 
But it is no wonder that animal and vegetable matter, 
when in a ſtate of abſolute corruption, ſhould be preg 
nant with ſuch dreadful effects. Inſtinct leads us to fly 
from the danger when we perceive the cadaverous ſmell. 
The ninth, tenth, twelfth, and thirteenth experiments 

demonſtrate, that our ſenſes are by no means capable of 
diſtinguiſhing infection, nor, by warning us of the dan- 
ger, of leading us to avoid it. They ſhew, that both animal 
and vegetable matter, when perfectly freſh, ſweet, and 
devoid of putreſcency, exh ales ſome what of a very noxious 
nature, inducing a putrid ſtate in the livin ng body, which 
proves deſtructive to animal life. | N 
— Hence 


80 


on Ar, &c. 205 

Hence I do not heſitate to declare, that in jails, hoſpi- 
tals, and other crowded places, we ought not by any 
means to eſtimate their wholeſomeneſs by the abſence of 
diſagreeable ſmells alone. The principle of diſeaſe may 
ved ur limited ſenſes. The 
method uſed 1 in theſe experimen is the only true one by 

which we may judge with ſome degree of ſafety. 

The crowding together of a number of men in camps, 


hoſpitals, jails, ſick rooms, &c. will preſently generate a 
moſt malignant and infectious fever; and in a very ſhort 
time, eſpecially if the place be cloſe, unventilated, and 
| the weather hot, the moſt fatal effects will follow. of . 
this we have a moſt remarkable example i in the affair at 
| Calcutta. 5 
Mr. HOLWELL and one hundred and forty-five more 
5 people, i in perfect health, were, by order of the vice-roy, 
mut up in a place of confinement, at ſeven o'clock in the 
evening. The place was 18 feet by 18 feet, containing 324 
ſquare feet, ſo that there was a ſquare for each perſon of 
2565 inches by 12 inches, which was ſufficient to hold 
them without prefling violently upon each other. The 
weather was extremely ſultry, and the place of confine- 
ment having only one ſmall grated window to the Weſt, 
the air within could neither circulate nor be changed. In 
leſs than an hour after their being incloſed, many of the 
D d 2 unhappy 
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unhappy people were ſeized with violent difficulty of 
breathing, ſeveral were delirious, the place was filled 
with incoherent ravings, exclamations, and cries of dif. 
treſs: the cry of water, water, was predominant; it was 


handed to them by the centinels, but had no effect in 
_ eaſing their thirſt. Before eleven o clock many were ſuf- 


focated, or died violently delirious. By twelve 0 clock 


all that ſurvived, except a few at the grate, were to the 


higheſt degree phrenetic and outrageous; - they now 


found no relief from water, but air could not be pro- 

cured. Soon after, thoſe at the grate grew 10 inſenſible, 
that we have no account of what happened till they 
| were releaſed from t their confinement at ſix o clock next 
morning. Such __ the effects of animal effluvia i ina iſ 


cloſe and unventilated place in the ſpace of eleven hours, 
5 that, out of one hundred and forty-ſix ſouls, no more 


than twenty-three came out alive, and thoſe in a high, 


| putrid fever, of which, however, by freſh alr, &c. they 


In all confined places, i in proportion to their airyneſs 
we find more or leſs of this. In hoſpitals, though the wards 


may give no marks of it by any apparent dirtyneſs or 


diſagreeable ſmell, we may obſerve its effects; diſeaſes 
which uſually admit i in private practice of an eaſy cure, 


are often very tedious, and apt to aſſume anomalous 


= = - ſymptoms: 
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ſymptoms. Healthy perſons, admitted * the cure of 
recent wounds and other accidents, ſoon become pale, 
loſe their appetite, and are generally diſcharged weak 
and emaciated, but ſoon recover by the benefit of freſh 
air. In ſome hoſpitals the cure of a compound fracture 
is rarely ſeen; in private Practice, and a pure air, ſuch 
caſes ſeldom fail. Such and many more are the effects 


ok bad air, which, though not virulent enough to cauſe 


a putrid fever i in Its more malignant form, 1 is yet ſuffi- 


cient to excite it to ſuch a, degree as to undermine the 


conſtitutions of the patients, and render the diſorders, for 
| which they were admitted, anomalous, tedious, and 
fatal. 

We have demonſtrated, that the effluvia of vegeta- 
bles, even whilſt perfectly ſweet and freſh, are equally 
| poiſonous with thoſe from animal f ubſtances. The vege- 
= tables were ſeparated from their parent plant, conſe- 
: ; quently not in a growing or vegetating ſtate. : 
| EXP, XIV. Being deſirous of finding the effects of 
g i effluvia from ripe fruit upon air, fix ripe gooſeberries , 
fliced were incloſed ſixteen hours in a phial with eight 


ounces of common air: the air being then put to the teſt, 
was found to be diminiſhed from 62® to 409. 
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Hence it appears, that freſh fruit have, in com- 
mon with other vegetable matters, a great power in pol- 
luting the air, and rendering it noxious. 
W xv. In order to find whether any part of the 
T . pernicious effects of vegetables upon air in the twelfth 
experiment might be owing to their odorous particles, 
| the following experiments were made. In each, the 
| quantity of incloſed air was eight Ounces; the time of 
ſanding together ſixteen hours. 
/. 10 grains of Muſk diminiſhed it from . 63 to 62 
| -— Bo ß 63 to 62 
| = E | Aſſa-fœtida, „ 
| 5 4 Saffron, V' 4 - SS 
Opium, 56 „„ 
| an Vol. Sal. Ammoniac. 3 "ig 6o to 58 
[ 1 a Muſk and camphire were ſelected as examples of 
' 0 eſſential oils; the firſt of the animal, the ſecond of the 
Wy 1 vegetable claſs, The aſſa-fœtida as an inſtance of the 
4 js | feetid odour; opium of the narcotic. Saffron, from its 
[Wl | mode of preparation, is incapable of corruption whilſt 
| kept dry, and could give nothing but pure odour. The 
volatile ſalt was an example of the volatile odour. 


Hence we find, that pure odour has little, if any, 
effect in polluting the air. For where any difference 
occurred, 
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occurred, it is fs ſmall, that I attribute it rather to ſome 
little inaccurracy in conducting the experiment. Nor 
did I think it neceſſary to repeat the trials, being ſatisfied | 
that their poiſonous effects in the twelfth and thirteenth 
experiments were not in the leaſt owing to their odour, 


but to their organized ſtructure, tending to diflolution 
from the time they are deprived of nouriſhment; ſuch 
is the perfect agreement between vegetable and animal 
1 ſubſtances. 5 

It is demonſtrable from hence, that the filling of 
i rooms with noſe-gays and bunches of flowers 18 by no 
1 means a ſafe practice, eſpecially 1 in cloſe rooms or ſick 

| chambers; ; their effluvia are of ſo noxious a nature as 
| quickly to render the air unfit for the purpoſes of reſpi- 
ration, and cannot fail of having bad effects upon ſick 
and valetudinary people in particular. . 
nut it is alſo evident, that the odorous parts of vege- 
E tables, when ſeparated by art from the putreſcent, are by 
no means hurtful. Hence, except in particular conſti- 
| tutions, or in caſes where their ſtimulus may be hurtful, : 
hey may be ſafely uſed as agreeable odours, and to ob- 
vate the ſmell in ſick rooms, &c. The volatile alcali, as 
ir johx PRINGLE obſerves, appears in this view periectly 
innocent. 8 
What 
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What is here ſaid is underſtood of plants gathered 
and ſeparated from the roots. Dr. PRIESTLEY diſcovered 
a different property in them when in a vigorous, grow- 
ing ſtate, they then abſorb from the atmoſphere; but 
this ceaſes with their life, they then exhale Fen, 
and haſten to diſſolution. 5 

We come next to another, not leſs curious and i impor- 
tant, part of our experiments; the effects of the effluvia 
- from moiſt, marſhy, and other kinds of ſoils, upon air. 
This ſubject, as particularly connected with our art 
regardin g the endemic diſeaſes of different countries 
and a plentiful ſource of the moſt dangerous diſeaſes, 
has much employed the attention of phyſicians and phi- 

loſophers. The nature of miaſmaia is, as far as I know, 
as yet but imperfectliy underſtood; hence general una- 
nimity of opinion is not to be expected: nor can a per- 
-. "ak coincidence j in the reſult of experiments be at once | 
- attained, eſpecially if made by perſons with different | 
views, and under the influence of different ideas and 
perhaps preju judices. 5 
In order to attain truth, we muſt take faithful experi- i 
ments, made with ſedulous obſervation, for our guides; we 
| ſhall find them to reflect mutual light and truth upon each 
other. Thus we gradually lift up the veil of nature, and 
become acquainted with her genuine form; nor let us 
imagine 


— 
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imagine her ways to be inſcrutable; it was merely 
through ignorance that the ancient Egyptians covered 
Ifis with a veil, making her declare that no mortal could 
lift it up. R 
EXP. XVI. The air over the river Ouze Was conſtantly | 
purer than that of my garden by two or three degrees. = 
xxP. Xv11. The ſame was obſervable in the air over 
the fols. This was at a time when, in conſequence of 
floods, the current was . pretty rapid, all the mud and 
marſhy ground being covered to a conſiderable N ght 
with water. 
Inext tried what effect the fone waters might have upon 
; air, when confined together. Two ounces of the water 


| Was put into an ei ight-ounce phial, ſo that there were ſix 


W ounces of air; being corked up, they were ſuffered to 
| ſtand together ſixteen hours. 
Exp. XVIII. The air from the Ouze water was equally 
good as at firſt; and this in ſeveral experiments. 2 

EXP, XIX. The ſame was the reſult in the foſs water. 
It was perfectly free from mud, yet not ſo clear as tlie 
river water, and had ſome of the Jens paluſtris ſwimming 
in it. 

Hence we find, that the air was not any way polluted 
by ſtanding over the ſurface of water. Perhaps if longer 
time had been allowed in the nineteenth experiment, 
Vor. LXVII. *Te the 
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the lens pataftris might have grown putrid, and hurt the 


quainted with the diſeaſes peculiar to low, ſtagnant, and 
g fenny fituations, that they ſeldom begin to appear until 
the water is ſo far evaporated, that the black and ſlimy 
mud begins to appear. In order to know this, the fol- 
owing experiments were made. 


put into the eight-ounce phial of air; bein g cloſed, they 


- in twelve trials bein ng put to the teſt, the reſults were as 
follow. 


to 32 . 


I was — convinced of this * the authorities of 


. 


EXP. xx. Some of the foſs water was next tried; o 
foul as to depoſit a muddy ſediment upon ſtanding. f 

In one experiment the air was reduced from 629 to 
58% in another, from 62 to 573 in a third, from 60? 
to 56". | 

EXP, XxI. It has been obſerved * thoſe b photic icians 
Who have had the moſt opportun ities of bein g ac- 


Two ounces of the black ſtinkin g mud of the foſs was 


were ſuffered to remain together twelve hours. The air 
In ſeven experiments the : air was tai Ginn 62 to 
34 in | three, from 62 to 365; in two others, from 60? 


Theſe are convincing examples of the noxious effects 
of the effluvia from putrid bogs and marſhes. Although 


Sir 


on Air, &. „„ 
cir JOHN PRINGLE'”, Dr. LIND“, cLEGHoRN, Nc. as 
alſo by my own reflections and obſervations; yet 1 was 
pleaſed to prove it in my own ſtudy, and to be able to 
bring it to the evidence of the ſenſes. It is not a little 
ſatisfactory to prove, by modern experiments, the truth 
of obſervations made in remote antiquity. 
A late ingenious author , from experiments made 
with raw fleſh ſuſpended over bogs, finding that the 
effluvia rather retarded than haſtened putrefaction, ven- 
tures to declare, that he is © even inclined to doubt of 
6 their (marſh effluvia) inſalubrity j in any reſpect. 5 
But it ſhould be remembered, that an atmoſphere, 
already ſaturated with putrid matter, was by no means a 
proper menſtruum for taking off and fuſponting a far- = 
ther portion of pu reſcent matter. . 
And we ought to conſider, that miaſmata, gu ac 


> 


medicamenta, non agunt in cadaver. As all impreſſions 
upon our ſyſtem are made through the medium of 
the nerves, no motions can be excited, nor farther | 
inertia liquid: nervo/i be produced, in bodies diveſted of 
nervous energy. My experiments prove, that marſh efflu- 
via are poiſonous to a living animal; Ft they may pro- 


(a) Diſeaſes of the Army, 8vo. 
(5) Eſſay on the Diſeaſes incidental to Europeans in hot Climes. 
| (c) Diſeaſes of Minorca, 


(4) Experimental Enquiry into the Cauſes 6f putrid Diſeaſes. 
—EC2 = bably 
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is a powerful antiſeptic in the one, but is deadly to the 


filled with the ſame mud as in the laſt experiment, but 
10 much dried i in the ſun as to be eaſily rubbed into a 
powder, the reſt being air; after being corked, they were 
ſet by for twenty- four hours, and in the interim fre- 
5 quently agitated. The air being at the end put to the 
teſt was ſcarcely altered, the greateſt diminution i in ſeve- 


when dry, or perfectly drained of their moiſture, become 
healthy, and emit no noxious exhalations. 


obſerved, that in the moſt unhealthy of our ſettlements 


bably act as an antiſeptic upon the dead one. Fixed air 


other. Nitrous air preſerves all fleſh from corruption 
after death; yet let any living animal but once breathe in 
it, and it inſtantly expires. Some of our bogs have the 
ſingular property of preſervin g dead bodies not only 
ſweet but pliable for many years; but we are certain they 
are at the {ame time deadly to living animals. 
xp. XXII. A fourth part of an eight · ounce phial Was 


ral different experiments was only from 620 to 60% 80 
that the air was yet quite good, although they ſtood dou- 
ble the time of that in the laſt experiment. 


Hence it is evident, that bogs and marſhy grounds, 


This illuſtrates the obſervation, that ſuch ſituation: 
are not liable to produce their peculiar diſeaſes during 
the dry ſeaſons, or after being well drained. And it is 


in 
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in Africa, the Eaſt and Weſt Indies, the inhabitants are 


at ſuch times healthy. But when the wet ſeaſons begin, 


the ſcene is reverſed; the air immediately becomes 


|. vitiated, polluted, and deſtructive; putrid fevers ariſe, 
and ſpread deſtruction over the country. The in genious 


Mr. 1VES gives a dreadful inftance of this, and of the 


| diabolical revenge of the Arabs, when they think them- 
ſelves injured by the Turks at Baſſora: they, by breaking 


down the banks of the river near that city, lay all its en- 


virons under water. After the water is nearly evaporated, 


| ſhe mud and other impurities corruptin g, pollute the 
air to ſuch a degree as to cauſe a moſt mortal fever i in - 
that populous city. This was the caſe when Mr. 1vrs 
was there: of this fever fourteen thouſand ſouls pe- 
riſhed; and of the Europeans ſettled there only three 
eſcaped with life: a moſt horrid mode of revenge, and 


a dreadful example of the deadly effects of marſhes and 


ftagnant waters in hot climates. Let us ſee if we can 


prove this by : actual experiments. 


Exp. xxIII. To the ſame powdered mud uſed in the 
laſt experiment, was added as much water as was re- 


quired to bring it to the ſame conſiſtency with that in the 

twenty-firſt experiment. This being incloſed with ſix 
ounces of air as before, ſtood twenty-four hours. 

8 . The 


7 
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The air had then contracted a noifome ſmell, like 3 
mnew-cleaned ditch, and was diminiſhed from 62 to 49, 
Several experiments gave the {ame reſults: on ſtanding 
longer, it was diminiſhed. from 62* to 29% 

This experiment proves and illuſtrates the effects of 
moiſture co-operating with unhealthy ſoils in producin g 
their pernicious effects. Moiſture to a certain degree is 

1 neceſſary to every kind of fermentation; hence I ſuſped, 
that by the falling of a certain quantity of rain upon 
6 marſhy grounds, a fermentation immediately commences 
in the putrid ſoil, a quantity of vitiated Particles are ſet 
at liberty, by which the air is polluted. The degree of 
fermentation i is influenced by the degree of heat, and the 
greater or leſs quantity of moiſture. _ | 
xxx. XXIV. To the mud uſed 3 in the laſt experiment, ſo 
much more water was added as to dilute it ſo that, upon 

: ſubſiding, a confiderable Height of water ſwam above it; 
it was confined with the air, and Road. ; as in the laſt 

experiment. i 

The air being chen tried by the teſt, it was in no in- 

tance found farther diminiſhed than from 62 to 56˙. 
This experiment was made with a view of diſcovering 
the effect of marſhes and bogs when laid under water; 
and we find that their danger is in a great meaſure ob- 
viated by it: ſo that the putrid fermentation is either 
prevented 
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prevented by too much moiſture, or the effluvia are b 
orbed in paſſing through the ſuperincumbent bed of 
water: perhaps the cold — by — may 
have ſome effect. 
This fully proves the propriety of Sir JOHN PRINGLE's 
remark, where, in giving cautions for avoiding diſeaſes 
ariſing from putrid air, he ſays, * As for cantonments in 
6 marſhy grounds, if the troops muſt remain there in 
« the dangerous ſeaſon, it will be better to float the fields 
« entirely, than to leave them half dry; for the ſhal- 
| © lower the water the more it will Sy and the eva- 
„ poration will be greater in proportion.” How beauti- 
fully is this illuftrated by the twenty-firſt, twenty-ſecond, 
'trenty-third, and twenty- fourth experiments An in- 
| ſtance of the perfect agreement. of faithful obſervation , 
with truth and nature. Si 2. 
EXP. XXV. Two ounces of dirt frept from the ſtreets 
were incloſed in che phial as before; after ſtanding toge- 
ther twenty-four hours, the air was found to be dimi- 
niſhed conſiderably, from 62® to 50*. : 
Hence it appears how well the . conſult 
the health of the inhabitants, as well as the neatneſs 
of cities and large towns, by enforcing due attention to 
the cleaning and paving of the — in their — 
tive diſtricts. 
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; of manures will much vary their effects i in this reſpect. 


of pure clay and water, the other circumſtances of the 

Z experiment being the ſame. The air was not found the 
worſe by it in ſix trials: in one there was only the ſmall 
difference of 62 to 615 „ certainly the reſult of ſome 


health; they emit no kind of ſeptic or noxious effluvia. 
and found to have no noxious effect upon air: from 


which it may be concluded, that the general notion of 
the falubrity of ſandy ſoils is founded on truth. 


experiments, 
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Ex. XXVL. The ſame quantity of loamy, vegetable 
earth, out of my garden, and brought to the conſiſtence 
of thick mud by addition of water, was next tried. The 
air was found but little worſe; in one inſtance only di- 
miniſhed from 59e to 5 5; in another, from 649 to 615 

It 1s probable from hence, that fine loamy vegctable 
earth contains little putreſcent matter, as it gives little 
noxious effluvia. The addition of animal and other Kinds 


Exr. XXVII. A maſs of the ſame conſiſtence Was formed 


ſli ght! inaccuracy. 2 
So that the pure clay ſoils appear to be favourable to 


EXP. XXVIII. Wet ſand was tried in the ſame manner, 


I ſhall at preſent conclude with recapitulating a few 
inferences, which ſeem to be proved by the preceding 


1. The atmoſpheric air 1s rendered —— by a long 


continuance of dry weather. 
Sea It 


an 9. Phlogiſton riſes alone. 


1 1. Phlogiſton i 48, per Je, 
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2. It is puriſied by rains and winds, een 
ones. 
3. It is conſiderably worſe in cities and large towns, 
than in the country, even at a ſmall diſtance. 


6. It is quickly poiſoned by the effluvia from animal 


bodies, even whilſt perfectly ſweet and free from pu- 


tridity. 5 : 
7. Vegetable matters, when not in a growing ftate, 

Na a ſimilar effect, and i in a degree equally powerful. 
8. And this i is not any ways owing to their aroma or 
odorous parts. 


10. Phlogiſton is mmer to weden, e fe. | 


12. The abſence of diſagreeable 2 : Is is by no means 


criterion of the healthful tate of jails, hoſpitals, &c. 
or of their freedom from infection. 


2, 3. Mere odour does not * the air, nor do vola- | 


| tile alcalies. 


14. The air is generally pure over waters . 

15. The air is greatly injured by the effluvia from the 
thicx mud of bogs and marſhes. 
16. But this is much obviated by laying them under 
Water. 
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220 Dr. wurrE's Experiments on Air, &c. 
17. Air is not hurt by ſuch mud when perfectly dry. 
18. Air is alſo infected by the dirt of the ſtreets. 
19. Pure loamy vegetable earth has little of ſuch 
effect. 8 | Fol 
20. Air is not at all polluted by pure clay ſoils. 


21. Nor by thoſe of pure ſand, 


1 


XIV. An Account of the Earthquake which was felt at 
' Mancheſter and orber Places, on the 14th Day of Sep- 
tember, 1777. Ina Letter from Mr. Thomas Henry, 
F. R. S. zo William Watſon, M. D. F. R. S. 


3 Mancheſter, 
SI Ry 3 | | October 21, 1775. 5 


Read Feb. 19, "HOUGH the ſhock of an earthquake 
ond which was felt on Sunday the 1 4th of 

September, i in this and ſome of the neighbouring coun- 
ties, Was by no means equal to thoſe terrible concuſſions 
which ſome foreign countries have at times experienced; 
Let as it appears to have been at leaſt as violent as any that 

| has happened i in this iſland for many years, I thought a 
particular account of it might not be unaccept able to you, 
| eſpecially as ſome circumſtances attending it ſeem to be 
connected with a branch of natural philoſophy, for the 

elucidation of which mankind are nauch obliged to your 
induſtrious and ingenious reſearches. 

On the morning of the day on which the earthquake 
happened, I was confined to my bed beyond my uſual 
hour by a head-ach, with which I am generally troubled 
F f 2 - previous 
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previous to any ſtorms or conſiderable changes in the 
atmoſphere. About five minutes before eleven o'clock, 1 


was alarmed by a noiſe which ſeemed as if it might have 
proceeded from a large bale of goods thrown down on a 


| boarded floor below ſtairs: the houfe ſhook. I called 
out to my wife, who was in an adjoining cloſet, to know 


what could have fallen; when inſtantly I was aftoniſhed 


by ſuch a rattling noiſe at the North-eaſt corner of the 
houſe, that 1 cried out that a part of the houſe (which 
nad been built within theſe few .years, and was not ſo 
firmly connected with the old part as it ſhould have been) 


Was fallen; 3 and i in this opinion I was immediately con- 


firmed by a third and more violent craſh , reſembling the 


tumbling down of a large and lofty wall. Each of theſe 
_ Noiſes was ſucceeded by a ſeparate concuffion. | 


Theſe events muſt have taken up the ſpace of at leaft 


half a minute. During that time 1 got out of bed, and 
f puttin g on my coat and waiſtcoat, ran to a window which 


commanded a view of one fide of the ſuſpected building, 
and to my great ſurprize found it ſtanding. I then went 


to a window at the front of the houſe, where I alſo found 
er thing ſafe; and on being informed by ſeveral peo- 


ple, who had fled affri ghted into the ſtreets, that their 
houſes and furniture had been n ſhaken, I con- 
= = | cluded 


| 
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cluded the ne muſt have been oecafioned * an 
earthquake. 


I had now time to make inquiry how my wife had 
been affected; for my mind had been hitherto filled 
with anxious fears for the ſafety of my two youngeſt 


children, who were in that part of the houſe where I had | 


: apprehended the danger to be. The dimenſions of the | 
cloſet in which ſhe ſtood Were three yards by two. At 
the North- eaſt corner, on the outſide of the wall, is a | 
leaden ſpout, which communicating with a wooden one 
: conveying water: from a lower building, diſcharges it, 
without coming into contact, into a leaden ciſtern, from 
whence a ſmall pipe deſcends into the cellar. At a con · 
| fiderable height above theſe, another leaden ſpout pro- 
| ceeds obliquely. from the Northern along the Eaſtern 
fide of the houſe, collecting the water from the whole 
furface of the roof. From this quarter the noiſe, which 
was heard before the two laſt concuffions, ſeemed to have 
proceeded. 13 
My wife informed me, cat at the inſtant of the ſecond 
| exploſion ſhe had received a very ſmart ftroke « on the top 
of her head, and, imagining that ſomething had fallen 
off a ſhelf, looked down on the floor and perceived it. 
heaving under her, but could ſce nothing that could have 
given the blow. Lifting up her eyes ſhe ſaw her china and 
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during the third ſhock, the vibration of the walls was ſo 
great that ſhe. expected they would have fallen upon 
her. A pain, attended with a degree of ſtupor, remained 


ceived ſtrokes ſimilar to electrical ſtrokes in differe nt 
Parts © of their bodies. 


roofs were falling in, endeavoured to eſcape with the 
utmoſt precipitation. Several people were thrown down 
and trampled on, and ſome few had their limbs broken. 


the pillars and walls evidently tottered, and the motion 
Was ſo great as to toll the bells in the Collegiate and St. 


Mary's churches. My ſons, Who were at the latter, 
aſſured me on their return, that they heard the bell 


worſhip i 1n this town, except at St. Paul's church, Which 


out a ſteeple, and has a common ſhore running under it. 
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every thing in the cloſet dancing on the ſhelves; and, 


in tia part of her head which had been affected, for 
ſeveral hours after. Several other perſons likewiſe re- 


In the churches, it being in the time of divine ſervice, 
the greateſt confuſion and terror were occaſioned. The 
congregations, ſuſpecting that either the galleries or the 


Nor is it to be wondered at that they were ſo terrified, as 


twice during the laſt ſhock, and the facts are beſides well 
authenticated by variety of evidence. 


The alarm was equally great in moſt- of the Places of 
is a low building at the North-eaſt fide of the town, with- 


How 


— 


I 


Earthquake at Mancheſter. "7" 
How far theſe circumſtances may have contributed to 


render the concuflion leſs ſenſibly perceived there, I do 
not pretend to determine. 


All the neighbouring towns were affected in a ſimilar 


manner; but very conſiderable differences were obſerved 


in different parts of the ſame towns. At Blackley, a 


ſmall village about three miles from this place, the ſhock 


Was violent in the epiſcopal church, though very mo- 
derate in the diſſentin g chapel, ſituated not above three 
hundred yards from the other. The latter is a very low 
ſtructure, ſtands at the foot of a hill, and has no leaden i 
i ſpouts to convey the water from the roof. At a houſe, 


about one bumdred yards beyond this, placed on an emi- 


nence, a ſervant, ſtooping at ſome little diſtance from a 
cheſt of drawers which ſtood up to the wall, received 8 


ſeyere a blow from it as to ſtrike her to the ground. 


The water in many places was agitated. The paſſen- 
gers in the duke of Bridgewater's boat, who were on the 


canal, did not perceive. any change; but the ſteerſman 


recollects, that the veſſel was tuddenly ſtopped at that 5 


time, which he could not then account for. 


The noiſe was particularly loud in thoſe houſes which 
were furniſhed with conductors ;. and, as far as I have 


been able to collect, it was loudeſt in thoſe parts of the 


houſes where the conductors were fixed. 
5 | Many 
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6 ſimilar to thoſe of perſons who have been ftrongly elec- 
have produced ſome of theſe effects. For my own part, 
Was intirely and immediately removed. 
dale, who had been lon g deaf, had recovered his hearing 


ſtrict 1 inquiry, t the fact does not . to be ſufficiently 


various degrees, and felt the ſhock more or leſs violently, 
moſt perſons who were travellin 8 on the roads or walk- 
: ing i in the ſtreets. Yet others, on looking at the houſes, 


perceived a great undulatory motion in them. Thoſe 


. under them very perceptibly ; and others, who ſat or lay 


Many people complained, for ſeveral days after, of 
nervous pains and hyſteric affections, and of ſenſations 


trified. Perhaps the fright might have contributed to 
my head-ach, which ſeldom leaves me before evening, 
A report pre. 
vailed, and it was poſitively aſſerted, that a boy at Roch- 


at the inſtant of the earthquake; but, upon the moſt 


authenticated. 
Different people in the ſame rooms were affected in 


Neither the vibration nor noiſe were perceived by 


who ſtood on moſs or looſe garden ground felt it heave 


upon the ground, were ſo ſhocked as to be thrown forci- 
bly out of the poſition they were in. 
To my ſelf and ſeveral others, who obferved the pro- 


greſs of this phenomenon coolly, three ſhocks were very 
clearly 
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clearly diſtinguiſhable. Some perſons were ſenſible of 
two, and ſome of one only. | 

The motion of the earthquake, at leaſt of a ruſhing 

wind which attended it, was from South-weſt to North- 

eaſt. It was felt at York, Lancaſter, Liverpool, Cheſter, 

Birmingham, Derby, and Gainſborough; and within this 
circuit, the diameter of which muſt be x30 or 140 miles, 
with greateſt violence in this neighbourhood, en — 
pears to have been the center of it. 

In Derbyſhire, through a great part of which county 

1 have ſince travelled, the ſhock was ſtrong on the 

Weſtern, and weak on the Eaſtern ſide of the Peak. I 

cannot find that any of the mines were injured by it, 

though it had been reported that ſome of the ſoughs had 
fallen in. N or does it appear, that in the great extent of 
country, which was thus violently agitated, any more 
material damage Was ſuffered than the throwing down - 
| ſome chimnies. Praiſed be that kind, ſuper- intending 

Providence, who rides on the whirlwind, and directs the 

| ſtorm; and who graciouſly put a period to this awful and 

| tremendous ſcene, when we were apparently on the 
| brink of deſtruction! BO 

| To you, sIR, who have ſo intimate a knowledge of 

electrical ſubjects, it would be impertinent to make any 

| obſervations on the above facts. Perhaps many of them 
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may tend to confirm Dr. STUKELEY'S theory of earth- 


that the ſtate of the atmoſphere and of the ſeaſon ſeems 
to have differed in many points from that which he de- 
ſcribes as preceding the — in the years 1749 
and 17 50. 


been ſo great on the ſurface of the earth, that the inha- 
bitants had been obliged to drive their cattle many miles 
to water. That before the London earthquakes, vegeta- 


| in general remarkably cold and ae the wind 
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quakes being occaſioned by the accumulation and diſ- 
charge of the electrical fluid: yet I cannot but obſerve, 


'Dr. STUKELEY ſays, that for four or five months the 
weather had been warm to an extraordinary degree, the 
wind generally South and South-weſt without rain, That 
in the marſhy parts of Lincolnſhire the drought had 


tion was as forward in February as it uſually 1 is in April 
That the aurora borealis was frequent, unuſual 1 in its co- 
lours, and even removed to the South; and that the 
whole year had been remarkable for fire-balls, lightnin g, 

and coruſcations. 

In the preſent year the ſpring and ſummer had been 


varying from North-weſt by Weſt to South-eaſt by South, 
the latter of which commonly brought rain. During 
the latter end of the month of May, and part of June, 
the weather was * dry, and very ſharp froſts 

deſtroyed 
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deſtroyed moſt of the early fruit; particularly one in the 
middle of June was ſo ſevere as to kill whole fields of 
potatoes; an inſtance ſcarcely ever known at that ſeaſon. 
In July the ground was refreſhed for a fortnight with 
frequent and plentiful ſhowers, ſucceeded by about an 
equal period of dry and warm weather. Throughout 
moſt of the month of Auguſt the rains were violent and 
the air cold. Vegetation was backward, and all kinds of 
| fruit crude and inſipid. On the fifth of September the 
weather became warm and ſerene, and continued ſo with 
an Eaſterly wind, except on the ninth, "wh ſome 
ſhowers fell, till the day of the earthquake, and for ſome 
days after. Vegetation now became more quick. An 
| electrical machine worked with uncommon vigour the 

day before the earthquake; but was obſerved to act as 
| weakly two days earlier. During the ſummer I do not 
recollect above two thunder-ſtorms; 3 nor was the auror a 
borealis by any means frequent. A fire-ball Was ob- 
ſerved about two months before; and a water-ſpout fell 
| on the 23d of July, near Huddersfield, in the Weſt- 
riding of m, which did conſiderable damage to 
the country 

The 


(a) It is Father Beccara's opinion, that in a thunder-ſtorm the clouds 
ſerye as conductors to convey t the electric fluid from thoſe places of the earth 
G g 2 | which 
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that ſome perſons who rode out early in the morning 


Weſt, and to have immediately returned to its former 
ſtation. My barometer had riſen in the night.. When! 
obſerved it, about fifteen minutes after the earthquake, 
it ſtood at thirty inches, and it continued to riſe all the 
day. One gentleman, who had marked the height of 
the quickſilver! in his barometer that morning, obſerved 
that it had fallen a few lines at the ſhock, but it ſoon roſe 
again to the fl ame place. The thermometer at noon ſtood 


diſcharged either on that or ſeveral — days. 


mer of the preſent year, while the Southern counties were deluged with rain, 
this part of the kingdom was thirſting for want of it. And afterwards, while 
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Mr. HENRY's Account of an 


230. 
The morning on which the earthquake happened waz 
clear and ſerene. The air was ſo far from being ſultry, 


complained of the coldneſs of it. The wind was Eaſterly. 
At the inſtant of the ſhock it 1s ſaid to have veered to the 


at 63. 

No Sd, except a Sine ſcattered white ones, ſuch as 
our atmoſphere is ſeldom free from, was obſervable 
either before Or after the concluſion, and no rain was 


8 


which are overloaded with it to thoſe which are a of it. In the ſum- 


long continued heavy rains impeded the ripening of the corn, and. threatened 
deſtruction to the harveſt in this country, I am informed, that the counties in 
the neighbourhood of London enjoyed a clear ſky and fine weather, I am ig- 
norant what was the ſtate of the atmoſphere in the South in the month of Sep- 


On 


Earthquake at Mancheſter, 231 
on the 2oth, 21ſt, and 22d of September much rain 
fell, attended with thunder and lightning. The ſtorm 
was particularly violent on the 2 1ſt in the nei ighbour- 
hood of Rochdale, twelve miles from hence; and early 
on the morning of the 22d the whole hemiſphere ap- 
peared, from this place, to be involved in one general 
| blaze. 
Should this account appear to you afficiently intereſt- 
ing to be communicated to the Royal Society, I ſhall be 
obliged to you if you will introduce it when they meet. I 
have given a plain but authentic narrative of facts, and 
have avoided drawing any inferences from them, con-- 


ſcious of my own inability to inveſtigate ſo obſcure and: 
intricate a f. ſubj ect. 


L 9238 J 
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XV. Sundry Papers relative to an Accident from Light. 
ning at Purfleet, uy I 55 777. 
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I. A Letter from Mr. Boddington, Secretary to the Board 
f Ordnance, to Dr. Horſley, Sec. R. S. with Two En- 
cloſures from Mr. Nickſon , Store-keeper at Purflect, 


giving an Accoun t 0 f the Accident. 


— 
Ss” — © 
- —_ — — . 
ho ——- —— « y 
mw 


— - —— 


— — — 


— 25 5 > — — 
— . . 


1 
1 
1 


| Office of Ord 
8 1 Ry ines 1. 
I AM directed by the lieutenant-general and the reſt of 
the principal officers of the Ordnance, to tranſmit to 


| you the copies of the reports and plan received from | 

Purfleet, ON occaſion of ſome damage done by lightning; | 

which reports and plan they deſire you will pleaſe to la | 

before the e Royal Society. . 1 
1am, &c. 


— 


JOHN BODDINGTON. 


T0 


Sundry Papers, &c. 


TO SIR CHARLES FREDERICK, KNT. OF THE BATH. 


HONOURABLE SIR, Purfleet, 


YESTERDAY afternoon we had much rain and 
diſtant thunder; but at fix a very heavy cloud, in paſſing 


over the houle, preſented us with part of its contents, - 
which ſtruck the North-eaſt corner of the houſe on one 
of the cramps. that held the copein g ſtones together, 


forced off about a ſquare foot of that ſtone and one brick, 


and has dif} placed about a cube foot of brick-work under- 
neath. It has not been yet diſcovered that any of the 
conductors have acted during the paſſage of that cloud, 5 
although the flaſh and report were both very great. One 
of my ſervants was out of doors by the coach-houſe at 
the ſame time, and narrowly eſcaped falling by the 
ſtrength of the flaſh : the others were in the houſe, but 
| were much frightened. My ſon ſays, that there is a dent 
| in the cramp, on which the lightning fell, and 1 intend i 
to preſerve it as a curioſity. If the conductor on the 
\ houſe has acted, it 18 imperceptible as I am informed. 1 


| thought this account would be acceptable to you. from, 


Honourable! fir, &c. — 


EDWARD NICK SON. 


TO 


233 


May 16, 1777. 
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TO THE RIGHT HONOURABLE LORD AMHERST, LIEV- 
TENANT-GENERAL OF HIS MAJESTY'S ORDNANCE, &c. 
MY LORD, ORs _ nel 
IN obedience to your lordſhip's commands of the 
19th inſtant, directing me to report concerning the acci- 
dent that happened to the Board's houſe by lightning on 
the x 5th, 1 beg leave to acquaint your lordſhip, that on 
that day there had been much rain and diſtant thunder; 
but, about fix o'clock in the afternoon, a very heavy 
cloud hung over the houſe for ſome time, which I looked 
at from the back-parlour window, and it being quite 
calm, made me ſuſpect, that ſome of our conductor 
might find employment from it. I had not been long at 
the window before a violent flaſh of lightning and clap 
of thunder came together; and, as ſoon as the rain would 
permit any body to move about, one of the labourers 
brought me ſome pieces of ſtone and a brick, which 
were ſtruck off from the copeing on the parapet-wall of 
the building from the North-eaſt corner. On my ſon's 
coming home, I deſired him to go and view the top of 
the houſe. On his return he told me, that the lightning 
had ſtruck one of the cramps that hold the copeing toge- 


ther, and had made a dent in the lead of the crap. and 
2 the 
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from Ligbining at Purfleet. 235 
the ſtone adjoining to it, as if ſtruck by a muſquet-ball; 
that the quantity of ſtone thrown down might amount 
to about a ſquare foot; and that it had dif.urbed about a 
cube foot of brick-work underneath : and, according to 
your lordſhip's commanels, the diſtance from the point 
of the conductor on the houſe to the part ſtruck has 
been meaſured by him this . and amounts to forty-ſix 

feet. 15 | 
Ml the conductors at this place are pointed, ani it has 
not yet been diſcovered that ww of them have acted 
on this occaſion, 


If your lordſhip ſhould want any farther r explanation, 
my ſon waits on/you with a ſmall drawing of the eleva- 
tion of the Eaſt- front of the houſe, and of the part 
ftruck, which I hope will be ſatisfactory to your lordſhip | 
and to the honourable/ board. 


5 : I am, &c. 


©; >, ALD NICKSON, 


VoL. LXVIII. * Ha EE 2. The 
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2. The Report of the Committee appointed by the Royal 
Society, for examining the Effect of Lighining, May 15, 
1777, 0n the Parapet-wall of the Houſe we the Board of 
de, at Purtleet in flex. 


THE iron cramp. on which the lightning fell Was 
cemented into the copeing ſtones on the parapet-wall, 
near the N orth· eaſt corner, with lead: and on that lead, 
at one end of the cramp, there appeared to have been a 
| ſmall fuſion; the end of the lead, and part of the adjoin- 
ing ſtone, being indented about half an inch in diameter, 
and a quarter of an inch deep, a as though a muſſquet-ball 
had been fir ed againſt them. 9 

The i iron Cramp was fi uated over a Plate of lead, and 
the ends of it, which = inſerted i in the ſtone, came 
within ſeven inches of that plate, which communicated 
with the gutter, and ſerved as a fillet to it: this gutter 
Was a part of the main conductor of the building. 

When the lightning had quitted the iron cramp, and 
had paſſed through ſeven inches of ſtone, brick, and 
mortar, it fell upon the corner of the plate of lead above- 


mentioned, as appeared by the fuſion of a very {mall 
portion of it diſcovered by pulling out the bricks, mor- 
2 5 tal; 


From Ligbtning at Purfleet. 1 37 
tar, &c. on purpoſe to examine into this particular. 
From this place no farther effect of the lightning could 
be traced; the metallic conductors to the earth having 
effectually performed their office. At the diſtance of 
ſeven feet and an half from the place ſtricken, a large 
leaden pipe went down from the gutter to a ciſtern of 
water in the yard. 

The rain, Mr. NICKSON informed us, had fallen plen- 
tifully for ſome ti time before the ſtroke; 10 that the mor- 
tar, bricks, &c. did probably form an imperfect con- 
ductor for the diftance of ſeven inches between the iron 


cramp in the copeing ones and the filleting of lead 
above-mentioned. 


At the termination of the iron cramp in the copeing 
| ſtone, a piece of the ſtone, with one brick, was ſtricken 
off; and a few other bricks were looſened, and removed 
leſs than half an inch from their places. The damage 
done to the parapet of the building is ſo inconſiderable, 
that it would ſcarce deſerve notice, was it not an evident 
proof that the metallic communication with the earth 
hath, in this caſe, effectually prevented any farther j injury. : 
The conducting rod on the ridge, near the center of 
the houſe, ſhewed no marks of its having been affected 
by the lightning in this caſe: and it is remarkable, that 
the ſurface of one of the hip-rafters, four inches and a 
H h 2 half 
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nel be filled with lead, and let a metallic communication 
by plates about ſix inches broad be made from that lead 
in four places (one at each ſide or corner of the parapet) 
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half in diameter, covered with lead (communicating with 
the gutter) and reaching within twenty-eight inches of 
the place ſtricken, ſeems not to have been at all affected, 
The method we would recommend of preventing 
ſimilar accidents to the parapet of this building for the 
future is the following. Let a channel of the lame ſize 
with the cramps be made from cramp to cramp in the 
copeing ſtones, quite round the building: let this Chan- 


to the filleting of lead which is in contact with the gut- 
ter, which gutter is Part of the main. conductor to the 


W. HENLY. 
June 19, 1777. TY, LANE. 
E. NAIRNE, | 
J. PLANTA. 


from Lightning at Purfleet. 


3. Mr. WILSON's Diſſent from: the above — : 


WHEN this important ſabject was firſt debated in 
the Purfleet committee of 177 2, a paſſage was quoted 
from Dr. FRANKLIN 's philoſophical publications, reſpect- . 
ing the nature of ſuch buildin 85 as were ſecure from at- 
tacks by lightning. 
The paſſage alluded to is this: * Buildings that have 
« their roofs covered with lead or other metal, and ſpouts 
f metal continued from the roof-into the ground to 
0 carry off the water, are never hurt by lightning; as, 

wy whenever It falls on ſuch a building, it paſſes 1 in the 
EZ metals, and not in the walls.“ FRANKLIN'S Exp. 
p.48 1. 

With this idea the building at Purfleet, called me 
Board-houſe, was conſidered by that committee to be in 
a fimilar ſituation, and conſequently ſecure from ſuch. 
attacks, without havin gs any other oonductors than the 

leaden gutters, pipes, &c. 

As the members of that committee then preſent 
ſeemed to be fully ſatisfied with that determination, I 
propoſed that the magazines themſelves ſhould be put 
into the ſame circumſtances; otherwiſe there would ap- 
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pear to be an inconſiſtency in the different methods of 
ſecuring thoſe buildings. 

My argument had no other effect than to occaſion, at 
the next meeting of the committee, a reſolution for fix 
ing pointed conductors to all the buildings. 

From this reſolution I diſſented, and gave in writing 
my reaſons at large for differing in opinion, which are 
printed in your Tranſactions. 

What has been the conſequence ſince the cond ation 


' were put up? 


Behold! this very Board-houſe, which was never at- 


tacked before by lightning, bath very lately been ſtruck, 


and that within a few inches of the conductor: con- 
trary to Dr. FRANKLIN 's aſſertion, which poſitively ſays, 


that in ſuch circumſtances the lightning pages 3 in the 


| metals, and not in the walls. 
We may refine in our reaſoning upon the philoſophy 


of this event as much as we pleaſe; but let me tell vou, 


gentlemen, there ! is no getting rid of the fact: which, 
according to my judgement, appears to be truly alarm- 
ing. And as, I apprehend, the reputation of this learned 
Society 18 greatly concerned therein, We ought imme⸗ 
diately to avail ourſelves of this providential warning 
and reject an apparatus which threatens us every hour 
with ſome unhappy conſequences. 

It 
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It is with very great concern, that I am obliged to 
take notice, in this Society, of a houſe, which is of the 
firſt conſequence in this kingdom, that hath pointed con- 
ductors alſo fixed upon it: I mean the KING'S, our moſt 
gracious Patron and Benefactor's. Who were the advifers 
of them I know not; but as they are there, I thought it 
my duty to mention them. 
In conſidering the propriety of pointed conductors, I | 
think 1t neceflary to obſerve, that increaſing the number 
| of them in any given ſpace does not by any means, in 
my opinion, leſſen the riſque of accidents by lightning; 
but on the contrary (at leaſt in many caſes) a greater 
number of ſuch conductors will neceſſarily invite a 
larger quantity of lightning. At Purfleet there are ſe- 
veral of thoſe conductors; and by the ſtorekeepers letter 
ſent to the Board of Ordnance, which was lately read be- 
fore us, it appears, that he himſelf obſerved a very heavy 
cloud hanging over the houſe for ſome time before the 
ſtroke happened. 


According to Dr. FRANKLIN 8 idea, this event ought 
never to have happened; becauſe he ſays, that pointed 
conductors will draw all the lightning out of the clouds, 
and carry it away into the earth ſilently. = 
This philoſophy I never had any faith in, unleſs the 
quantity of lightning contained in the clouds happens to 
be 
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be very little, and incapable of producing any fatal con. 
ſequences. 

1 have now only to add, that I did not propoſe to have 
troubled this Society any more, had I not thought, upon 
-this great occaſion, it was my duty to ſtand forth, and 
give my opinion againſt the preſent report; as I know of 
no poſſible advantage to be derived from ſuch con- 
ductors; at leaſt none that are conſiſtent with true phi- 
Joſophy, and a ſincere regard to the welfare of ſociety. 


June 1%, 1999. - © B. WILSON, 


CY F) Letter from the Board o Ordnance to Sir F Jon 
ache, Bart. P. R. 5. ences ing ar. Letteg— fes 
Villen e HS MATESTYE-a#d an Account of bis Exper 
ments on the Nature and U/e of Condufors, 9 PM 
4. Ae, #1 age 

To SIR JOHN PRINGLE, BART. P. R. 8. 


= Þ | Office of Ordnance, 
8 1 A, Nov. 18, 1777» 


MR. WILSON having lab before this Board a copy of 
the report made by him to His Majeſty upon ſome expe- 
riments in conſequence of the accident by lightning, in 
May laſt, to one of the buildings belonging to the royal 
magazine of gun-powder at Purfleet: = 


7 


Fg 
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We beg leave to tranſmit to you a copy thereof, to be 
had before the Royal Society; and, at the ſame time, we 
deſire the favour of their inſtructions, if any thing more 
can be done, in order to the prefer vation of his Majeſty's 
magazines. 


We are, &c. 


AMHERST, 
CHARLES FREDERICK, 
CHAS, COCKS. 


TO THE K 1 N G. 


EL 1K - 

YOUR MAJES T r, in conſequence of the accident 

| from lightning that happened to one of the buildings * 
purfleet in May laſt, having been graciouſly pleaſed 1 to 
intimate the propriety of making ſome farther experi- 
ments, to aſcertain the beſt method of preventing ſuch 
accidents for the future; and havin g alſo condeſcended ; 
to be preſent at the exhibition of thoſe experiments at the 


Pantheon; I have preſumed to addreſs to YOUR MAJESTY 
VoL. LXVIII. * 1 1 this 


244 
this faifhful and circumſtantial account of what was 


conductors is, with the greateſt deference, ſubmitted to 
; quences may be derived from theſe experiments, I am 


power, with the utmoſt candour and i im partiality, to in- 
veſtigate truth, in a queſtion of real advantage to ſcience, 
and of ſuch importance to the public, as ſeems, in my 
humble opinion, worthy the attention of the ableſt phi- 
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there attempted, together with ſome obſervations there. 
upon, as an humble teſtimony of my duty and gratitude 
for the great honour conferred upon me. 

How far I may have ſucceeded in theſe my zealous 
endeavours to aſcertain the moſt proper conſtruction for 


YOUR MAJESTY and the public. And whatever conſe- 


happy in the thought of having done every thing in my 


loſopers. 
I am, 
_ 
YOUR MAJESTY 8 
moſt faithful : and 
moſt dutiful ſubject, | 


Nov. 12, 1777. BENJAMIN WILSON: 
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New Experiments and Obſervations on 2 Nature and Uſe 
Conduclors, by BENJAMIN WILSON, F. R. S. of the 
Imperial Academy of Sciences at Peterſburg, of the 
Royal Society at . and Y the — of Inſtitutes 

at Bologna. 


T HE experiments I propoſe to give an account of in 
this paper, were made i in conſequence of the accident 
from lightning, which happened to one of the buildings 
belonging to his Majeſty” 8 magazine of nn at 
purfleet, on the 1 5th of May laſt. | 
Soon after that event, an official and particular ac- 
count having been ſent by the Board of Ordnance to the 
3 Royal Society, a committee of the members was imme- 
_ Ciately appointed, to examine the damage done to that 
FE building, and afterwards to make a report of the ſame. 
When that report Was laid before the Society, I . 
thought it my duty, in particular, to ſtand forth, and 
offer ſome objections to the uſing pointed conductor at 
Purfleet, or indeed any where elſe. 
This public proceeding was, I apprehended, the more 
neceflary, as I had, upon a former occaſion, in the year 


1 7725 declared my digent from the report then made by 
23-3 the 
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Papers relative to an Accident 
the committee, who had recommended ſharp- pointed 
conductors for that magazine, to be fixed ten feet higher 
than the reſpective buildings. 

But notwithſtanding I had read the paper alluded to 
above, I did not apprehend that my duty was fully diſ- 
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charged, without trying other methods of having ſo 
ſerious and intereſting a ſubject farther inquired j into. 


1 had the ſatisfaction, foon after, to meet with ſuffi- 


cient encouragement to induce me to conſider of ſome 
experiments, which might make the ſubject ; in. diſpute 


more intelligible. ; 
The plan I conceived to be the 1 proper for this h 
parpole, was to have a ſcene repreſented by art, as nearly 


fimilar as might be, to that which was ſo lately exhibited 
at Purfleet by nature. 


To carry a deſign of that kind into execution, it was 
neceſſary that attention ſhould be given to the ſeveral 


circumſtances concerned in the event at Purfleet. 


The moſt material of thoſe circumſtances I appre- 


hended to confiſt 1 in having a ſabſtitute for a thunder- 


cloud, as it is vulgarly called, and large enough, or ſuf- 


ficiently long, to admit of being charged with a conſi- 
derable quantity of the matter of lightning by artificial 
means; and likewiſe, that this ſubſtitute ſhould admit of 


being eaſily moved, and with any velocity the experi- 
| ment 
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ment required: or, at leaſt, ſo as to equal the motion of 
a thunder- cloud. 

An apparatus ſufficiently large for theſe purpoſes 
could not conveniently be put in motion: therefore 1 
propoſed to get rid of this difficulty, by moving the 


building itſelf, inſtead of the ſubſtitute; * AS that would 
anſwer the ſame end. 


In order to obtain a conſiderable charge of artificial 
lightning, I propoſed to have one great cylinder covered 
with tin-foil, and a wire joined to one end of it, that 
ſhould, when extended , conſiſt of ſeveral hun- 
dred yards. 

This idea leading to an expence too conſiderable for 
an individual, I preſumed to hope for other aſſiſtance. 

Upon an humble repreſentation of theſe matters, his 
Majeſty, who is always diſpoſed to promote every pur- 
ſuit which tends to the advancement. of ſcience and the 
good of the public, moſt graciouſly condeſcended to en- 
courage the undertaking; and, by the favour of the 
right honorable and honorable Board of Ordnance, I 
was immediately enabled to carry the intended plan into 
execution. 

Very ſoon after this encouragement, I procured cor- 
rect drawi ings of the building called The Board- houſe at 
burfleet: from theſe an exact model was made, exceptin 8 


the 
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the windows and doors, which were omitted, becauſe hor: 
they were immaterial upon this particular occaſion. moi 
In this model, a ſtrict attention was paid to thoſe Parts am 
of the building where metal had been introduced; ſuch bot! 
Wil as the hips and gutters of the roof, and the ſeveral ſpouts W _ 
[ | to carry off the water. And as the N orth-eaſt corner of the 
1108 the houſe was the part that ſuffered by lightning in May 5 
14 | laft, particular attention was paid to the two cramps at ow 
| | | 1 corner, and the two ſpouts on the North ſide. Theſe FR 
_ _- cramps, i in the model, were made of ſmall wire, that bore 4 


- nearly an exact proportion to thoſe in the building itſelf; 


not only in regard to length and thickneſs, but alſo their 


5 | | diſtance from each other, and from the turning up of 
| | | the lead appertaining to the gutter. hay 
! 1 The two ſpouts were repreſented each by a thick Wire, 20 
i | the ſhorter of which communicated (at the bottom) with " 
if | 3 a ciſtern. This ciſtern reſtin, g upon two wooden pillars, ber 
12 | 1 poſts, about one foot and a half! in length at Purfleet, as 
1200 the ſame circumſtances and proportions were attended 2 
Wt | to, and made to correſpond exactly in the model. * 
The other wire, in conformity to, and nearly in pro- 1 
Portion with, the other ſpout at the Board-houſe, de- oa 
ſcending from the gutter for about ſeven inches, was 70 


there bent almoſt at right angles, and then continued on 
for twelve inches and three-quarters, in a line nearly 
1 5 horizontal, 
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horizontal, till it reached within two inches (or little 
more) of the ſhort wire: after which it was bent again 
almoſt at a right angle, and then lengthened out to the 
bottom of the model, from whence it communicated, by 


another wire, with a _ or well, in another part of 
the houſe. 


This kind of communication was neceſſary, becauſe, 
conſiſting of metal, it, in that reſpect, was ſimilar to the 


com munication at purfleet. 


Beſides the two cramps mentioned above, another pa- 
rapet was made to put on occaſionally, which contained all 
the cramps: theſe were properly fixed therein, and at their 
proper diftances from each other. And the Royal Society 
having thought proper, ſince the accident, to order that 
a metallic communication ſhould be made between the 


cramps upon the parapet, quite round the building, as a 


better ſecurity from ſuch accidents for the f uture, care 
was taken to make a ſimilar connection with the wire 


cramps, by means of ſmall ſlips of tin-foil that were 
paſted upon the parapet of this model. 


on the top of the roof in the middle, conductors of 


different lengths and terminations were occaſionally put, 
Juſt as the experiments required. 


The ſcale from which this model was made, when 


com pared 
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compared with the houſe, was one-third of an inch to a 


foot. 
In regard to the wood of which the model was made, 
1 took care that it was well baked, and ſoaked, whilſt hot, 
in dryin g oil, before the ſeveral parts were joined toge- 
ther, that it might be the more ſimilar to the bricks and 
bother materials of the building itſelf, in the power of re- 
ſiſting the paſſage of the fluid, whenever any attack 
thereof ſhould be made. For brick, ſtone, dry lime, &c. 
had been obſerved many years ago by Mr. DELAVAL and 
others to reſiſt the _ of this fluid very conſi- 
derably. 


In order to move this model with the velocity re- 
5 quired, it was neceſſary to have a frame of wood, of ſuch 
a a length as would ſuffer the model, with the pointed 
conductor upon it, to be out of the reach or influence 


of the charge contained in the cylinder, both at its ſet 


ting off, and when it had arrived at the end of its 
| Jy 1 f 

To this frame, - two upright poſts of wood, ten feet 
and a half long, were fixed at the farther end, and at a 
diſtance from each other equal to the width of the 
frame. 


between them, were fixed two wheels of different dia- 
meters upon the ſame axis. The larger took the line 


Upon the top of theſe poſts, and in the middle 
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wat Was propoſed to draw the model, and the leſſer 
another line ſuſpeſiding two weights which regulated 
is motion. For aſter the heavier weight had deſcended 
ſo far as to bring the model directly under the ſubſtitute, | 
it was then checked; but the leſſer weight continuing to 
deſcend, the model moved forward with its acquired ve- 
locity, joined to the power of the lefler weight. And 
that the remaining motion might at laſt be overcome, 
without ſtriking againſt the two poſts, ſome narrow {lips 
* cloth ſeven feet long, were nailed upon the frame, 
in thoſe parts over which the model was to paſs be- 
fore it reached the end. This model moved like a fledge, 
| by means of two flips of wood that were fixed at the 
bottom, which ran in two grooves that were cut along 
the frame from end to end. And the line which drew 
the model long, was fixed very near the center of re- 
ſiſtance. _ 
To conſtruct the ſubſtitute for a cloud, I firſt joined 
together, in fifteen len gths, the broad rims of one hun- 
red and twenty drums (merely to have them portable) 
by means of wood cut into long lips, which were fixed 
en the inſides thereof: but, as thoſe drums were not accu- 
ately of a ſize, theſeveraljoinings were covered over with 
doth, and paſted down, to make the ſurface throughout 
more even. After this, the whole number were properly 
Vor. LXVIII. * K K Covered 
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covered with tin- foil, excepting eight; for theſe being 


braſs, required to be covered only at their joinings. All 
theſe drums together formed a cylinder above one hun- 
dred and fifty- five feet in len Sen, and above ſixteen 
inches in diameter. 
The whole cylinder was made in \ four ſeparate parts; 
three of thoſe parts could eaſily be made to communi- 
cate, or not, with each other: the fourth, being braſs, 
was reſerved for a different purpoſe. The ſeveral ends 
of thoſe four parts were cloſed up with board, rounded 
off at the edges in every part, and covered with tin-foil 
f likewiſe. 
This great cylinder (conſiſting of the three parts) was 
ſuſpended about five or fix feet from the floor by ſilk 
lines; and formed a curve in the room, ſomething like 
an horſe-ſhoe; one end of which hun gover the middle of 
the long frame, on which the model was propoſed to 
move; the other (which 1 call the farther end) was joined 
occaſionally to the end of a long wire, that was ſuſpended 
through the whole ſpace of the room. And leſt the ſe- 
veral atmoſpheres round this wire, in its charged ſtate, 
might, in conſequence of the unavoidable returns of the 
wire, interfere too much with each other, it was ſuſ- 
pended in ſuch a manner (by ſilk lines alſo) that each 
length was five or fix feet from its neighbour: and thoſe 
that were ſuſpended neareſt to the great cylinder hung at 
4 the 
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the ſame diſtance from it. The remote end of this long 
wire hooked on occaſionally at the end of the braſs drums, 
which made a ſeparate cylinder (the fourth part alluded 
to above) about ten feet in length: this was ſuſpended 
likewiſe by filk lines, and about fix feet from the floor; 
but in ſuch a manner, that the fartheſt end thereof from 


the wire was within nine or ten feet of the great 


; cylinder. | 
The long wire with the great cylinder and braſsdrums 


made the whole of the ſabſtitute for a thunder-cloud, | 


when they were properly charged. 
The machine, employed to charge this apparatus, con- 


fiſted at firſt of two large glaſs cylinders that were turned N 


by one wheel. 


one of them only was made uſe of in the following ex- 
periments. The place where this machine charged the 


great cylinder, was about ten or eleven feet from its 
neareſt end. It was found expedient to be provided alſo 


with another machine; but this was employed only upon 


particular occaſions, and was generally placed at the far- 


ther end of the great cylinder. 
The floor of the room being of baked wood, it was 


neceſſary to have wires properly connected with the 


K k 2 cuſhions 


But as the friction ariſing from the two 
together rendered it difficult to work them, and the ad- 
vantage gained from both 1 in the charge itſelf was found 
to be not ſo conſiderable as might reaſonably be expected, 


9 . 0 ] ; 8 
” - \ . ” 
* 
> * J MO IT * £ 8 | on * 7 ” — . y e 
hs , — 4 = - Ys +. x - 2 = 5 — * * „ " 6 r * . — — 1,» %* — - a Tr - : 
- * —_— 4 2 22 —— . - 2 kt % | £ y "yr * * * — — n 8 r IF, , 9 2 2 — W 4 Fg A pe. 2 1 - a 4.1" — * 4; 2 v - = — a ett ”.- 5 * = 
Xo ee ena £26 — — GD op X = Ss > 2 > 3 1 2 R ; — moe 7” 7 — : 4 a” 2 we 
1 = 2 : — Fs, — . 2 eil * N * » $1 9 4. —_ — "So — a * 2 4 5 * > "wa " nit. 16x n 1 - . 6 
4 4 K 4 - : a * 2 : - 4 *< Ys 3 < - ? T Oo es 1 - 
* M— > 2 I < 12 2 . a — 7 = 2 , - 8 Wo 5 
a Þ 2 — = 
"45 2 9 : . 4 " * p — N N — 1 — 8 : = - 2 —ͤ— ung 8 — — — — "_ — - 
s ” - - . ” - . * 1 . : x "1 > * * 8 f 2 n : _ P n 0 
e n 2 * * 4 7 . * 8 £ — $554 * WE 4 3 — _ * Cw hats 8 
1 * . by N 2 11 \ 'y be * — . 7 * oe 
— —— * — ” — 7 . , N * 1 ow * : — 4 = <4 4 -* » 
8 4 if i a K = ů ——— — m — 2 * 
a n 


PP a 


254 Papers relative to an Accident 
cuſhions of both machines along the floor, where they 
were joined to another wire, which communicated with 


the well, in order to conduct the fluid more readily than 


the baked wood admitted of. 


The whole of this apparatus, ſo contrived, was dif. 
poſed in the great room of the Pantbeon, by the favour 
of the proprietors, who, having heard that a large apart- 


ment was wanted, in which to ſhew before the Board of 
Ordnance and the Royal Society theſe experiments, were 
pleaſed to honour me with a very polite letter, offering 
the uſe of that — buildin 8 for the purpoſes i in- 


tended. 


xxr. 1. The model, with a pointed conductor upon it 
(which, in a degree of ſharpneſs, was nearly equal to 
that of a common darning needle) bein g placed directly 


under the nearer end of the great cylinder, ſo that the 
diſtance between the Point of the conductor and cy- 
linder was little more than four inches, the machine 
was then put into motion, After two turns of the wheel, 
or thereabouts, a ſmall ſtream of light appeared at a little 
interval, between the top of the longeſt thick wire which 
repreſented the bent ſpout, and its little ciſtern next to 
the gutter, where the metallic communication was pur- 


poſely — This ſtream continued to be viſible, 
7 es | though 
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though the model was moved along the frame from its 
fixed ſtation to more than the diſtance of forty-three 
inches. 5 
EXP. II. When a condadibe of the ſame length with 
the former, but rounded at the end, and no more than. 
three-tenths of an inch in diameter, was put in the place 85 
of the pointed one, every other circumſtance continuin 2 
the ſame, the ſmall ſtream of light appeared again; but 


upon moving the model a little beyond the diſtance of. 

ſixteen inches, it totally diſappeared. 
FIRST OBSERVATION. By the firſt experiment it was. 
manifeſt, that the point acted upon the charge all the 
time the model was moving through a ſpace equal to 
forty-three inches; and conſequently was, all that time, 
diminiſhing | the charge in the great cylinder. On the 
other hand, the ſecond. experiment ſhewed, that the 
rounded end acted upon the charge only whilſt the mo- 
del moved through a ſpace equal to ſixteen inches. And 
| from the two experiments compared, it appears, that a 
N charged body is exhauſted of more of the fluid by a 11 
pointed, than by a blunted, conductor. 1 | 1 
EXP. III. It 1 in the place of the rounded conductor 2 mY [i 
fimilar one was put, but about one-fifth of the length, 
Whilſt the model ſtood directly under. the great cylinder. 
a8 
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the great cylinder Was charged, was ſo great, that after a 
variety of endeavours to aſcertain the quantity of the 
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as before, the charge contained therein produced no ap- 


pearance of light whatſoever. 


EXP. IV. But when a pointed conductor of the ſame 
length with the laſt was put in its place, the {mall firearm 
of light appeared, and continued viſible all the time the 
model was moved through a ſpace equal to ei ighteen 
inches and a half. 

SECOND OBSERVATION. Theſe laſt experiments, com- 


| pared with the former two, ſhew that a rounded con- 


ductor, little more than one foot and a half above the 


higheſt part of a buildin g, receives a far leſs quantity of 
the matter of li ghtning from a cloud fully charged there- 
with, than a pointed conductor placed ten feet above 4 
duilding, circumſtanced alike in every other reſped, 
Nay, a pointed conductor of the ſame length with the 
ſhort one that was rounded, appears, from theſe experi- 


ments, to collect a greater quantity of the fluid, than 


even the long conductor with a rounded end. 


The difficulty of meaſurin g exactly the effects, when 


charge remaining, when different terminations and dif- 
ferent lengths of conductors were employed, I was 


5 obliged at laſt to have recourſe to the ſenſe of feeling, un- 
certain as it is, in many caſes, to determine the different 


effects 
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Fes occaſioned by the interpoſition of theſe different 
terminations. 

EXP. v. On repeating the firſt experiment (that is, 
with the long pointed conductor upon the model) with 
ten turns of the wheel only, the charge remaining in the 
great cylinder was immediately received on the hand; 
the ſenſation it occaſioned WAS little more than percep- 
üble. 


EXP. VI. But upon repeating the ſecond experiment 
(that i 18 with the long rounded conductor upon the model) 5 


with ten turns of the wheel alſo, the charge remainin g 
was taken; but the ſenſation | in this caſe was increaſed 
conſiderably. 


EXP, VII. When the third experiment was repeated 


(that i is with a rounded conductor five times ſhorter than 
the laſt) and with the ſame number of turns, the ſenſa- 
tion was obſerved to be full as violent, as if no ſuch me- 
rallic interpoſition had been preſented to it. 


EXP, VIII. Upon repeating the fourth experiment (that 
is, with the pointed conductor equal 1 in length to that in 


the laft experiment) and with ten turns of the wheel 
alſo, the ſenſation was not near fo conſiderable; for it 


ſeemed ſomething leſs than what was experienced with 


the long rounded conductor in the fixth experiment. 
THIRD 
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THIRD OBSERVATION. The ſeveral effects obſerved in 
the four laſt experiments agreeing ſo exactly with thoſe 
in the four firſt, prove, at leaſt ſo far, that rounded ends, 
in theſe caſes, received the fluid leſs readily, and in leſs 
.quantity, than points, 
But, before other experiments are related; it may be 
proper to take notice of what paſſed at the ſhort ſpout 


upon the model during the making of the four firſt ex- 
periments; j becauſe the 2 to be drawn from 
thence are very material. 

EXP, IX. In the firſt experiment (when the long 
pointed conductor was put upon the model, and whilſt 


the wheel was turning) a very ſmall ſpark might be 
taken from the ſhort ſpout; but if the hand, or a wire, 
was applied, which communicated with the well, and 
continued in contact with the ſhort ſpout, or if it was 


1 
=_ 
» i 
1 
1 
| 
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connected with the long ſpout, the ſmall ſtream of light 
ſeen before at the top of that ſpout now ceaſed. 

EXP. x. But this was not the caſe when the third ex- 

5 periment was repeated (that is, with the mort rounded 
conductor); for this, by reaſon of its greater diſtance 
from the cylinder, and the nature of its termination, did 

not draw a ſufficient quantity of the charge from the 
great cylinder to cauſe the leaſt appearance of a ſtream I © 
of light, as in the former caſe. 0 

EXP. 
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EXP. XI. The effect, however, was different, when a 
pointed conductor of the ſame length as in the fourth 
experiment was made uſe of; for then the ſhort ſpout: 
was charged nearly in the ſame manner as in the firit 
experiment, and the ſtream of light at the top of the 
bent ſpout diſappeared the inſtant a communication was 
made from the ſhort ſpout to the earth. 

FOURTH OBSERVATION. The two poſts of wood upon 
the ground, which ſupported the ciſtern at the bottom of 
the ſhort ſpout, were therefore the true cauſe of theſe 
elects taking place in the ſhort ipout, by preventing a 
communication with the earth, and hinderin g the fluid, 
that was conſtantly charging the ſhort ſpout, from diſ- 
charging itſelf properly into the earth. 
It may now be proper to take notice of other experi- 
ments, and alſo of two other circumſtances that ſeem to 
be of conſiderable conſequence i in this 1 inquiry. 

One of theſe circumſtances reſpects the motion of the 
model, inſtead of that of the cloud; and the other, the 
quantity of the fluid contained in the great cylinder 
When properly charged. 

As to the former of theſe, it appears from obſerva- 
tions, that clouds, in a very high ſtorm, frequently move 
at the rate of eighty miles in an hour; and, with a mo- 


derate wind, about twenty miles”. Now when the clouds 
(a) In the Phil. Tranſ. there is an account of a ſtorm that was computed to 


zope at the rate of three miles in a minute. 


VoL, LXVIII. * J. I Hh move 


* 
1 
= 
0. 1 
=_ ; 
. * | 
ml 
= | 
= ” 
TY 4 
p wn 
he f 
3 


— 
— — 3 
2 * = - 
——_RC 
8 —— 
- — 
* 


260 Papers relative to an Accident 


move at the rate of four or five miles an hour, the wind 


which occaſions tnat motion is, I apprehend, in general, 


little more than what is uſually ſaid to be fenſible: for it 
has been frequently obſerved, that a traveller on horſe. 


back muſt ride with a pretty good ſpeed, to keep Pace 


with the ſhadow from a cloud, when it chances to move 
in the direction of his j journey, even though the wind at 


ſuch a time can ſcarcely be ſaid to blow. 
Now a thunder-cloud, as it is uſually called, moves, : as 


I apprehend, in many caſes at leaſt, with a much greater 


velocity; and though there may be a few inſtances, | 


where ſuch clouds move with a leſs, I think, if the mo- 
tion of them be put, in general, at four or five miles an 
hour, it ought to be conſidered, in this caſe, as a very 


moderate computation. For theſe reaſons, the weight to 


draw the model was adjuſted to that velocity. 


mm regard to the quantity of the fluid required to 


charge the great cylinder, I found, from many experi- 
ments, that twenty uniform, and rather briſk, turns of 
the wheel, were the moſt favourable for the following 
experiments; becauſe half a turn in twenty made a far 
leſs difference in the charging, than half a turn of the 
ſame wheel, when eight or ten turns only were required, 


and with nearly the ſame uniform. velocity. 
3 | In 
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In obſerving this laſt rule, proper allowance was made 
for the different ſtates of the air, the ſtate of the glaſs 
itſelf, and that of the cuſhion or rubber, which excited 
the fluid by a proper preſſure upon the glaſs, joined to 
other circumſtances. The moſt material of theſe circum- 


ſtances conſiſted in the cuſhion's having a fr ee communi- 
cation with the earth and glaſs cylinder, in that part where 
che friction was applied; and alſo a ſimilar communication 
between the great cylinder and the oppolite ſide of the 
glaſs. Now, becauſe three pointed wires conducted the 
fluid readily from the glaſs to the great cylinder, I ap- 
prehended it was proper to have three ſuch points wichin 
the cuihiun itſelt to conduct the fluid as readily from the 
| earth to the glaſs. For thoſe points communicated by a 
wire with the well. 

It will appear, that the effects produced by this artifi- 
cial method of charging the cylinder muſt be Very dif- 
ferent from thoſe produced i in natur 2. 


Suppoſe a thunder-cloud coming already charged, the 
lightning from this cloud ſtrikes at Purfleet; the ſame 
cloud, paſſing afterwards over other Places, will ſtrike 
the earth again and again, without any apparent dimi- 
nution of the quantity of lightning contained therein, as 
hath been frequently obſerved. But the caſe is not the 
ſame with the great artificial apparatus, becauſe we not 
1. 12 only 
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only charge it by degrees; but when a ſtroke is taken 
from it, the greateſt part of the charge by far is at that 
inſtant taken out of it: and therefore we are conſtantly 
under the neceſſity of renewing the charge before ſuch 
another ſtroke can be taken. 

Beſides, thunder- clouds from their nature, and a va- 
riety of circumſtances accompanying them, never aſſume 
the ſame ſhape and ſize: neither are they always at the 


5 8 8 Kune e from each other. | And yet Wwe are told, 


that they have been obſerved to ftrike from one to 


another at different diftances, juſt as they happen at the 
time to be circumſtanced. 


For all theſe reaſons, I thought it was proper to make 


particular experiments in different caſes, where ſome of 
the circumſtances varied. And becauſe a ſingle cloud, 
after it hath ſtruck any one object, ſometimes continues 
to diſcharge vaſt quantities of lightning, I propoſed to 
begin the experiments with the great cylinder only. 


EXP. XII. The model (furniſhed with the wire of com- 
munication, and with the longeſt pointed conductor 
upon it) being properly placed upon the long frame, and 
held there in readineſs to be dran forward by the line 
and weight at the other end; the great cylinder was 
charged by twenty turns of the wheel. On letting go the 
model, and almoſt at the inſtant before the point came 

under 
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under the center of the cylinder, it was ſuddenly ſtruck 
with the matter of lightning, and frequently ſooner. 
The leaſt diſtance of the point from the great cylinder, 
when this ſtroke happened, meaſured nearly five inches. 
The quantity of charge that remained i in the cylinder 
was very little to the ſenſe of feeling, though taken im- 
mediately after the ſtroke happened. 

EXP. XIII. On putting into the place of the pointed 
conductor one of the ſame length, that was rounded at 
the end, and without any other chan ge of circumſtances, 55 
the wheel having been turned the ſame number of times, 
| ſuffered the model to pals: the rounded end, in this 
cale, was not ſtruck. However, the inſtant after it had 
paſſed, the quantity of the charge that remained in the 
cylinder Was taken in the ſame manner by the hand;. 
on the doing of which, the ſenſation was more violent 
than in the laſt experiment. 

FIFTH OBSERVATION. From the two laſt experiments 
it appears, that though every circumſtance was the ſame, 
excepting the different terminations of the two conduc- 
tors, yet the pointed one only was ſtruck; notwithſtanding 
they were both of the lame length, and paſſed at equal 
 wiſtances from the cylinder. From whence we collect, 
that the quantity of lightning diſcharged from the great 
cylinder into. the point, when an exploſion happened, 

was 
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was conſiderably greater than the quantity chiſcharged 
into the rounded end, when there was no exploſion. 

At the firſt riſe of a difference in opinion, reſpecting 
the proper termination and length for conductors, I was 
prevailed upon by ſome learned members of the Royal 
Society, in the year 1764, to publiſh my ſentiments upon 
that ſubject. Accor dingly „in a letter addreſſed to the 
Marquis of Rockingham after ſtating ſeveral reaſons 
againſt the uſe of points, as I ſuppoſe they invited the 
lightning) I there recommended that conductors ſhould 
not only be rounded at their ends, but be made conſi- 
derably ſhorter than thoſe which Dr. FRANKLIN CON- 
tended for, and indeed ſhould not exceed the higheſt 
part of the building. 

In the following experiment, however, I did not Place 
the pointed conductor below, nor upon a level with, the 
higheſt part of the building, but above it, even one- 
third of the length of that in the twelfth and thirteenth 
experiment. : 
nr. Nu. The model being thus furniſhed, and ever) 
thing elſe put exactly into the ſame circumſtances as in 
the thirteenth experiment, the great cylinder was 
charged by twenty turns of the wheel. Upon letting g0 
the model, it paſſed the cylinder at the diſtance of ſeven 
inches, without being ſtruck: but the charge that 


(a) Phil. Tranſ. vol. LIV. 
- remained 
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remained in the cylinder at the inſtant after the model 
had paſſed it, was ſo conſiderable, that there appeared no 
material difference whether the model thus circum- 
ſtanced was ſuffered to paſs or not. 

SIXTH OBSERVATION. This laſt experiment ſhews, 
that a thunder-cloud may paſs a conductor ſo circum. | 
ſtanced without the latter being ſtruck, or ſuffering the 
leaſt injury; which it will not do in other circumſtances, 
that is, when the conductor is pointed, and raiſed ten 
feet above the building. 

EXP. XV. On repeating the fourteenth experiment, 
but with a rounded conductor, which was three-fourths 
of the whole length of that in the twelfth experiment 
(all other circumſtances remaining the ſame) and after 
charging the cylinder by an equal number of turns, it 
paſſed alſo without being ſtruck. In this caſe, the re- 
maining charge i in the cylinder was ſomething leſs than 
in the laſt experiment. 

SEVENTH OBSERVATION. This is a further inſtance of 
the advantage derived from having rounded terminations 
of a given length upon a building, compared with 
pointed ones, that are only two or three feet longer. | 

Having ſo far experienced the different effects of dif- 
ferent terminations in the pr cceding experiments, it may 


be proper to mention another experiment, where the 
rounded. 
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rounded end was ſtruck. But as its diſtance from the 


cylinder, at that inſtant, was only one quarter of an inch 
lefs than the diſtance at which the point had been ſtruck, 
1 ſhall take no farther notice of it in this place; becauſe, 


the ſeveral ſtriking diſtances of thoſe different termina- 


tions will (in another part of this paper) be correctly al- 


certained, in a different manner, by other experiments. 
We are now to examine, whether the ſtroke by light- 
ning, which happened at Purfleet, fell firſt upon the 


corner of the building where the cramps were affected, 
28 hath been repr eſented; or whether it did not fall upon 
the point of the conductor itſelf? And if it fell upon the 
Point, how could it poſſibly affect thoſe cramps, as they 
had no metallic communication with the main conductor 
| which extended from the top to the bottom of the houſe, 


and of which the gutter below the parapet, that Was 
neareſt to the cramps, made a part? 1 
It muſt be remembered, that though i in attempting an 


15 experiment of this kind, we are Provided with an appa- 


ratus, greater perhaps than Was ever conſtructed before; 


yet, great as it is, it bears but a very ſmall proportion to 


that which nature makes uſe of. On this account, we 


muſt expect but very faint appearances compared with 


thoſe which are produced by a thunder- cloud. But, be- 
fore we relate theſe appearances, it may be proper firſt to 
. ſee 


ee what effect the charge itſelf has | upon the model, 
without any conductor upon it. 


EXP. XVI. Upon charging the great cylinder as before, 
that is, by twenty turns of the wheel, and when the 


model, without any conductor upon it, was let go, there 
was no exploſion 1 in, or on, any part of i it, during the time 
of its paſling by the cylinder; notwithſtanding the model 
itſelf was properly connected with metal from the top of 


the roof to the bottom of it, and afterwards to the well. 
EXP. XVII, But when the experiment, with the long 


times, the point was ſtruck as it paſſed the cylinder; - and, 
at the ſame inſtant alſo, a very ſmall ſtream- lke explo- 


tion of the model. 


m2 for his very friendly affiſtance in the whole of this 
undertaking, having obſerved this appearance ſeveral 
3 TC CT no: times, 
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pointed conductor upon the model, was repeated, and 
after the wheel had been turned an equal number of 


ſon appeared between the two cramps at the corner of 
the model, darting as it ſeemed from one to the other, 
in a direction that was rather particular. This ſtream- 
like appearance, I apprehended, was nothing more than 
the effect of a ſmall exploſion 1 in conſequence of the mo- 


Mr. WYATT, Who is well acquainted with this part of 
Philoſophy, and to whom great obligations are due from 
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times, was curious to confirm the fact, leſt the preju- 


dices of viſion, &c. might poſſibly deceive him. 
The method he took upon this occaſion, was to ob- 


ſerve an appearance of light along that hip of the roof 


which was next to the corner ſtruck; and whether the 
direction of that appearance was different from the di- 
rection of the other appearance he had obſerved at the 
corner between the two Cramps. Theſe appearances he 
endeayoured to aſcertain by means of a paper tube, 
blacked on the inſide, that was laid upon a ſtand of a 
proper height, {0 that, when he looked through it, a pin, 
being ſtuck upright at the further end thereof, coincided 
with the part in the model he was to examine; that f 15, 
when the model ſtood directly under the cylinder. Being 
thus circumſtanced, and when the corner of the model 
(during its motion) paſſed the pin, he ſaw the direction 
of the light along the hip next the corner, and alſo be- 
tween the cramps at the ſame time; and was poſitive that 


the direction of the light appeared to be downward from 


the roof, and, as he thought, horizontal between the two 
cramps. Theſe appearances were obſerved by others 


afterwards, exactly as Mr. WYATT had before deſcribed 
them. 


EIGHTH OBSERVATION. The fifteenth experiment 
ihewed, that the corner of the model, where the two 
5 cramps 
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cramps were inſerted, paſſed ſafely by the charged cy- 
under, without affording even the leaſt luminous effect; 
and conſequently proved, that in ſuch circumftances the 
two cramps could not poſfibly be ſtruck, becauſe the 
charge in the cylinder remained the ſame, or very nearly 
ſo, after the model had paſſed. 
NINTH OBSERVATION. But in the ſeventeenth experi- : 
ment, the pointed conductor Was fixed i in its place upon 
the model, juſt like that at Purfleet; when not only the 
point was ſtruck, as the model paſſed the cylinder; bur, 
at the fame inſtant, a ſmall exploſion was ſeen between 
the two cramps at the corner. That this light between 
the cramps aroſe from a different cauſe than what had 
been ſuggeſted by the ſecond Purfleet committee, ap- 
peared from ſome circumſtances accompany ing that ef- 
fect. For example, theſe cramps had no connection with 
the gutter or ſpouts next them, but were quite ſeparate, 
and at the diſtance of fix or ſeven inches from any me- 
tallic communication. And it is well known to philoſo- 
phers, that lightning always paſſes where it meets with 
the leaſt reſiſtance; ; they alſo know, that the leaſt re- 
ſiſtance in the preſent inſtance muſt have been along the 
conductor at the top to the hips, gutters, and ſpout, and 
ſo on to the wire at the bottom to the well. 
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According to this law, the cramps themſelves, then, 


were not properly circumſtanced to receive the fluid as it 
paſſed to the earth, on account of the metallic communi. 
cation, deſcribed above, being interrupted more than fix 
inches. 


Another cauſe therefore was neceſſary to explain the 


appearance; I mean that which is called the lateral ef- 
fect; a term lately adopted, in confequence of an expe- 
riment I made near thirty years ago with the Leyden 
5 phial (which experiment has ſince been improved upon 
by Dr. PRIESTLEY): and though a charged glaſs (for 
fuch I call the Leyden Phial) is by no means ſimilar to 
the great cylinder when charged, for reaſons that have 
been already publiſhed”; Ys. yet in the courſe of theſe ex- 
periments I apprehended the lateral effect produced with 
the charged glaſs might be conſidered in ſome reſpects 
as an illuſtration of the lateral effect which had been ob- 


ferved at the cramps. 


But, Not to reſt this very material fact upon any Soukt 
: ful opinion that may poſſibly be entertained reſpecting 
its exiſtence, other experiments will be produced, that 


may ex plain this matter more ſatis factorily. 


(5 Far ther Experiments and 3 upon Lightning „ by BENJAMIY 
WILsoN, publiſhed in 1774. 


Refore 


e 
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Before theſe ex periments are related, it is proper to 
mention a material circumſtance, which hath hitherto 
been unnoticed. 

At the time the accident happened at Purfleet, a great 
quantity of rain fell, by which the walls of the Board- 
houſe, being made very wet, were diſpoſed to admit 
more readily the lightnin g paſſin g upon the ſurface, 
though yet not ſo readily as a covering of metal would 
have done. 'This particular circumſtance of the rain will | 
be attended to in its place. 

But firſt it may be proper to mew me effects of : a me- 
tallic communication.. 


To this end, 1 covered the top of the parapet quite 
round with tin foil; : and becauſe the copeing projected a 
little over the parapet, under which no rain could poſſi- : 
bly get, I left a ſmall interval, proportional to it, unco- 
rered with that metal. This interval was on the oppoſite 
ſide of the model, which anſwered to the South-ſide of 
the buildin 8 where the other ſpouts were fixed. Then 
from that interval I paſted a broad {lip of tin-foil down 
to the bottom of the model, where having fixed a ſmall 
braſs ſtaple to hook a wire upon, I faſtened the other end 
of it to the wire which communicated with the well. At 
the ſame time care was taken to faſten another wire in 


the ſame manner, which communicated with the oppo- 
* 3 ſite. 
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= fide of the model. This wire was intended to anſwer 

he purpoſe of a ſpout 1 in the building at Purfleet towards 
= South. 

_ Beſides theſe precautions , there remained another cir- 
nme to be attended to, reſpectin g motion: for ſe- 
veral gentlemen had obſerved, that clouds in a thunder- 
ſtorm are not always i in motion; or at leaſt not in the de- 
gree of motion which has been repreſented in the pre- 
ceding experiment. To obviate that objection, I Propoſed 
to repeat thoſe experiments when the model was at reſt. 


In order to prepare the whole apparatus in the moſt pro- 
per manner for this purpoſe, i it was neceſſary to attend to 
the circumſtances that are obſerved in nature. 

For when a cloud comes ready charged, and ftrikes 
another cloud with the matter of li ghtning, there muſt 
be a certain diſtance at which that effect muſt take place; 
and this we therefore call the greateſt, or the ſtriking 

diſtance. Now, to produce ſimilar effects, our artificial 
apparatus muſt conſiſt of two parts at leaſt, to repreſent 
ſuch clouds: : and thoſe parts muſt be ſo diſpoſed as not 
to excced the greateſt diſtance at which they will ſtrike, 
when the largeſt part, or ſubſtitute, i is properly charged: 
nor muſt the diſtance between them be leſs, for reaſons 
that will appear preſently. And therefore, to make the 


experiment correſpond with nature, it will require ſome 
trouble 
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trouble to adjuſt this diſtance between the two ſubſtitutes. 
Now the diſtance between them will depend upon the 
quantity of the charge given, and the method to deter- 
mine that diſtance may be found by removing one ſub- 
ſtitute from the other ſo far as not to cauſe any previous 
or partial exploſions before the great ſtroke happens; ; 
and when it does happen, it muſt not only ſtrike between 
the ſubſtitutes, but, at the ſame inſtant, between the re- 
mote end of the leſs ſabſtitute and the object 3 | 
to it. 

EXP. XVIII. To each end of a flender ſubſtitute made 
of wood, about eleven feet in len Sth, and ſomething leſs 
than one inch 1 in diameter, was fixed a ball of the ſame 
matter. The larger of theſe meaſured three inches in 
diameter, and the leſſer one inch nine-tenths. The exact 
meaſure of theſe balls was attended to the more, in ſome _ 
of the experiments, becauſe Mr. NAIRNE has given a de- 
ſcription of an apparatus in the Phil. Tranſ. vol. LXIV. 
part I. p. 87 and 88. to which this is nearly ſimilar. Hav- 
ing covered the whole of this ſlender ſubſtitute with tin- 
foil, it was then ſupported near the center by a lender 


frame of wood upon a pillar of glaſs, to adjuſt it to the 
height and diſtance required. The larger ball was then 
brought within one inch and a quarter (and ſometimes 
at a greater diſtance). of another ball, one inch nine- 

tenths: 
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tenths in diameter, that was covered with the ſame metal, 
and projected from the center of the nearer end of the 


great cylinder by a kind of ſtem made of wood, and co- 


vered with tin-foil alſo, which was ſix or ſeven inches 


long. Being ſo prepared, the model was ſet upon a table, 


directly under the ball at the remote end of the leſs 
ſubſtitute, with the pointed conductor u pon it: and all 


the wires were properly connected, ſo as to make a free 
| communication between the model and the well. 

N othing now remained but to put the machine i in mo- 
tion; when, after ten turns of the wheel, the point upon 


the model was ſtruck at the diſtance of four inches. 


In the twelfth experiment, where the model was in 
motion, the point was ſtruck at the diſtance of five inches 
nearly from the cylinder. This difference of diſtance in 
theſe two experiments ſeemed to ariſe chiefly from a dif- 
ference in the ſtates of the air, it being rather unfa- 

5 vourable when the eighteenth experiment was tried. 

xxp. XIX. However, ſome time after, when the {tate 

of the air was very favourable, I repeated the laſt expe- 
riment, and obſerved that the point was ftruck at fix 


inches and one quarter. 
During this laſt experiment, a perſon, 8 upon 


the wire of communication, placed his finger in contact 
with the pointed conductor (near the bottom) at the time 
the 


tl 


I 


I 
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the ſtroke happened, when he received a blow, uncom- 
monly violent, infomuch that he thought it exceeded 
greatly what he had ever experienced from the great 
cylinder only. 

EXP. XX. I now repeated the eighteenth experiment; 
and attending only to the two cramps at the corner, there 
appeared, at the inſtant when the point was ſtruck, a 
{mall ſpark or exploſion between them: which clearly 
thewed, that the ſtream-like exploſion, obſerved in the 
ſeventeenth experiment, was only this ſmall ſpark ac- 
companied with the circumſtan ce of the motion of the 
mode]. | -” 
TENTH OBSERVATION. From what we have now ex- 
perienced it appears, that thunder-clouds, even at reſt, 
and that ſtrike each other at a given diſtance with the 
matter of lightning, occaſion the ſame phenomena 
nearly which a ſingle cloud produces when motion is 
introduced. 

EXP. XXI. When the diſtance between the two ſub- 
ſtitutes was made leſs in any degree than the greateſt 
triking diſtance (in proportion to its diminution the cir- 
cumſtances were leſs ſimilar to thoſe in nature) it made a 
confiderable difference in the effects; becauſe the fluid 
in theſe caſes paſſed more freely from the greater to the 
les ſubſtitute: and the freer it paſſed into the latter, 

Vor. LXVIII. * N Nn 55 
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the nearer they approached to be one ſubſtitute. So that 
bringing the two ſabſtitutes into contact, occaſioned the 
ſame phenomena that the great cylinder did alone: that 
is, the rounded end would cauſe an exploſion | at a conſi- 
derable diſtance; and the point little or none, notwith- 
ſtanding it was brought almoſt cloſe to the ſubſtitute. 

EXP. XXII. But if motion in this caſe Was introduced, 
during the contact of the two ſubſtitutes, the point was 
ſtruck at nine inches and an half diſtance from the ball, 
The motion employed upon this occaſion was by the 
hand only, which held a proper ſtand with the point 
upon it; and this point communicated by a wire with 
the well. 

ELEVENTH OBSERVATION. Now the nearer the two 

ſubſtitutes were brought together, the nearer they re- 

preſented one cloud; and, conſequently, as hath been 
obſerved before, the matter of lightning would pals from 
one to the other in theſe caſes more readily, and without 
permitting lo great an accumulation to take place as was 
experienced in the nineteenth experiment, when the ſe- 
parated ſubſtitutes ſtruck at the greateſt diſtance. 

To occaſion ſuch a ſtroke, it is not only neceflary to 
have an accumulation of the fluid, but that accumula- 
tion mult be kept up, as it were, and increaſed ſuddenly, 
before a ſtroke in this caſe can poſſibly take place; a8 
appeared 
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appeared manifeſtly by the motion introduced in the 
twenty-ſecond experiment, where the two ſubſtitutes 
were united: for the reſiſtance at a point being feeble, 
when in this experiment a point was ſuddenly brought 
towards the ball at the end of the great apparatus 
in charge, the whole of that charge muſt of conſe- 
quence ruſh towards the point in an inſtant, to diſcharge 
itſelf into the earth. : T his, I apprehend, was the true 
reaſon why we obtained an exploſion at the diſtance of 
nine inches and an half. 


Having now gone through the experiments where 
points were introduced, we ſhall next relate the ſeveral 
experiments where other terminations were uſed. By 
this method of proceeding, we ſhall be able to form a 
proper judgement what kind of conductors are the moſt 
advantageous for ſecuring buildings, &c. 

EXP. xxIII. On repeating the eighteenth experiment, 
but with a rounded conductor upon the model, every 
other circumſtance continuing the ſame, and the model 
at reſt, the greateſt diſtance at which it was ſtruck (in 
conſequence of ten or eleven turns) was Not more than 
three quarters of an inch. 

Now it we compare this diſtance with that at which 
the point was ſtruck in the eighteenth experiment, the 
proportion will be found to be leſs than one to five. 
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on which accounts the reſults of thoſe experiments va- 
ried as follows. 


5 mention Was made of the ſenſation Or blow that Was re- 


tact with the pointed conductor at the time the ſtroke 

happened. The experiment was repeated here with the 
5 rounded end; but the ſenſation or blow received (as W ell 

as the exploſion) was conſiderably weaker i in this caſe. 
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But this and the eighteenth experiment were repeated 
many times afterwards, for many days together, and 
when the ſtate of the air at each trial was very different; 


rc 


te 
1 n 
Sharp point. OT | Rounded end. 
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Immediately after relating the nineteenth experiment, 


ceived by a perſon who had brought his finger into con- 


by 


EXP, XXIV. When the twenty-third experiment was 
repeated, and the rounded end ſtruck at three quarters 
of an inch, the ſame kind of ſpark appeared between 
the two cramps as in the twentieth experiment when 
the point was uſed; but in this. experiment with thc 

rounded 
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rounded end the ſpark at the cramps appeared confidera- 
bly leſs to every obſerver. 

Ex. xxv. Upon repeating the twenty-firſt experi- 
ment where the two ſubſtitutes were brought into con- 
tact, every other circumſtance remaining the ſame, the 
rounded end was ſtruck at the ſame diſtance nearly as 

when a ſpark was taken by a larger metal ball (ſuppoſe 
three inches in diameter) from any part of the great 
cylinder when equally charged: for i in this caſe the two 
ſubſtitutes, being in contact, made in reality but one 
oreat ſabſtitute. Og 

EXP. XXVI, I now repeated the twenty-ſecond experi- 
ment, where motion was introduced; and without any 
other change of circumſtances than putting in the place : 
of the point the rounded end. Upon this occaſion, as 
well as upon the former, the ſame perſon moved the 
ſtand with the rounded end upon it, and with the ſame 
velocity (as near as he and others preſent could judge) but 
not before the co onnected ſubſtitutes were fully charged 
by an equal number of turns. The inſtant that the 
rounded end approached within a certain diſtance of the 


ball at the end of the leſs ſubſtitute, it ſtruck; but the 


exploſion ſeemed inferior to that which the point occa- 
honed at the diſtance of nine inches and an half. In this 
experiment the diſtance between the rounded end. and 

1 hall: 
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pball was not more than fix inches and an half. From which 
it appears, that even in thoſe circumſtances the point was 
ſtruck at a greater diſtance than the rounded end in the 
proportion of nine and an half to ſix and an half. 

EXP. XXVII. It has been obſerved in a former part of 
this paper, that a great quantity of rain fell when the 
accident happened at Purfleet; as this circumſtance 
8 ſeemed to be material, it was proper to put the mode] 
into a f1 milar ſituation; and therefore, after removing the 
tin-foil upon the parapet, I w aſhed the model all over 
with a ſponge; and, whilſt it continued in this ſtate, the 
machine was put into motion: after ten turns of the 
wheel, the point was ſtruck at five inches diſtance. In 
conſequence of this, a ſmall exploſion (more vivid 
than i in the ſeventeenth experiment) appeared, not only 
between the Cramps 3 but alſo another was ſeen, ſtill more 
vivid, at the inner corner of the parapet, neareſt to the 


cramps, darting, a as it ſeemed, from the gutter up to the 


cramps. 

EXP. XxXVIII. Upon paſting tin-foil upon the top of 
the parapet quite round the model, as had been done 
before, and moiſtening the inner part of the parapet 
down to the gutter, the ſtroke was again received by the 
point, when the ſame appearances were obſerved as in 
the laſt experiment. 


I = EXP. 
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EXP. XXIX. I then made a metallic communication 


between the top of the parapet down to the gutter: after 


this the experiment was repeated. And though the point. 
was ſtruck at five inches diſtance, there was no ſpark 


whatſoever, either between the cramps or at the inner 
corner next to the gutter. 
TWELFTH OBSERVATION. From theſe laſt experiments: 
it appeared, thatrain contributed to make the /ate; al effect 
greater at the corner, by forming a better communica- 
tion between the cramps and the gutter, than the dry 


materials of brick and ſtone admitted of. But it alſo ap- . 


peared chat, when the communication between the gut- 
ter and cramps was rendered more perfect by a flip of 
tin-foil that was interpoſed between them, that /atera! 
effect ceaſed at the cramps; becauſe a Rill freer paſſage 
was made for the fluid to diſcharge itſelf through; not 


only along the ſlip of metal communicating with the 
gutters and the tin-foil quite round the parapet, but alſo 
along the tin-foil down the ſide of the model, from 


whence it was conveyed by the wire to the well. 
EXP. XXX. An objection having been made, that the 


wire communicating from the bottom of the model to 
the well, as it conſiſted of ſeveral diſtinct parts, occa- 
ſioned a reſiſtance at each of the junctions, and there fore 
conſtituted ofily an imperfect conductor; in order to try 
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the validity of this objection, a new communication wa; 
now made from the model to the well, conſiſting of one 
entire wire, pointed at the end, with which 1 repeated the 
experiment of paſſing the model; and finding no ſenſi- 


ble difference from the former reſults, I then, in order 


to apply a rounded end to this pertect communication, 


had the pointed conductor, which was previoutly made 
uſe of, ſoldered on to the end of the wire inſtead of the 


other point; and to this conductor ſo ſoldered I occa- 


fionally applied the ſmall ball which was uſed in the for- 
mer experiments, and which has hitherto been called the 
rounded end. It was made to fit upon the point of the 


ſoldered conductor by means of a ſocket, ſo as to render 
the communication perfect, With theſe different termi- 
nations, and thus circumſtanced, all the experiments 


were repeated; and it was found, that the reſults were 


rather more in favour of the doctrine hitherto adv anced, 


than before the communication was made ſo perfect. 


It having been farther objected, that the motion of the 


model employed in theſe experiments was conſiderably 
greater than the motion of a thunder-cloud, I made the 
following experiment. 


EXP. XXXI, The weight which moved the model in 
the preceding experiment was gradually reducecl till it 


was nearly balanced by the friction; and when the 


motion 
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motion was rendered ſo ſlow as ſeven feet ſeven inches in 
ſeven ſeconds, it was very little accelerated; and in this 
ſtate the great cylinder being charged, the model was 
ſuffered to paſs: and though the velocity was leſs than 
three quarters of a mile in an hour, the point was ſtruck. 
This experiment was repeated ſeveral times, with the 
ſame ſucceſs, in the preſence of ſeveral gentlemen. 

Having made two other experiments, reſpecting the 
lifferent terminations of conductors, and in very different 
circumſtances from any that have been yet related, I 
ſhall Here give an account of them. 

EXP, XXXIIL. When the great ball of the tel fab 
ſtitute was placed at the greateſt ſtriking diſtance from 
the ball at the end of the great cylinder, I fixed a needle 
into the under fide of the remote end of the leſs ſub- 
ſitute, with the point downwards: oppoſite to this point, 
and upon the ſame ſtand deſcribed in the twenty-ſecond 
experiment, was fixed another needle; ſo that the two 
points were oppoſed to each other. The ſpace between 
them was varied from time to time, in order to find the 
greateſt diſtance at which the lower one could be ſtruck. 
Upon charging the great cylinder it appeared, that the 
reateſt diſtance in this caſe was five inches and a 
Quarter. « 
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EXP. XXX111. Upon repeating this experiment, whilf 
every circumſtance remained the ſame, excepting that, | 
inſtead of the point below, a rounded end was put in its 
place, and after charging the cylinder again, it appeared, 


that the greateſt diſtance, at which the lightning (from 
the needle) {truck the rounded end, was not more than 
two inches and three quarters. And the largeneſs of the 
T ſpark, as likewiſe the loudneſs of the exploſion, appeared 
to be leſs conſiderable than in the thirty-ſecond experi- 


ment. 


The reaſon for fixing the needle at the end of the leſs 


ſubſtitute with the point downward, was to repreſent 
- fragment or jagged part of a cloud, which ſome- 
times hangs down towards the earth; and, as Dr. 


FRANKLIN and others have ſuppoſed, ſerves as a kind 


of ſtepping-ſtone for the lightnin g to paſs more readily, 
and in a ſilent manner, from a charged cloud to a 
a pointed conductor underneath it. But we ſee, from the 
two laſt experiments, the li ghtning does not paſs in a 


ſilent manner, becauſe the Point below, as well as the 


rounded end, was always ſtruck, and the former at twice 


the diſtance nearly of that of the latter. 
That two points oppoſed to each other, in the manner 
deſcribed above, ſhould ever occaſion a ſtroke of light- 


ning, may perhaps appear ſtrange to thoſe who are not 


very 
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very well acquainted with this ſubject. However, I have 
related it not only as it is a fact of a very curious kind, 
but as the conſequences which may be drawn from it 
ſeem to be conſiderable. 
During the courſe of this i inquiry, having occaſion to 


try ſome experiments in the dark, I obſerved a curious 
circumſtance, which ſeemed to ſhew, that a point had a 
far greater influence upon the charged ſubſtitute, i in cer- 
tain circumſtances, than a rounded end had when it was 
placed i in the ſame ſituation. 

EXP. xxxIv. The circumſtance alluded to was an ap- 
pearance of light upon the braſs ball (for ſo I call it, to 
be more clear in the deſcription) that was fixed at the 
end of the great cylinder, when the copper ball (for ſo I 
call that for the ſame reaſon) of the leſs ſubſtitute was 
oppoſed to it at the greateſt ſtriking diſtance, as in the 
eighteenth experiment, every other circumſtance re- 

nar the ſame; and whilſt the model, with its pointed Vu 
con tor, ſtood upon the table directly under the tin 
ball that was fixed at the remote end of the leſs ſubſti- 
tute: for ſoon after ſeven or eight turns of the wheel, "2. 


light began to appear on the braſs ball, and continued to 

Increaſe in brightneſs till the moment it burſt forth in an 

— towards the copper ball. The part of the braſs 
O O 2 —m 
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on which the light appeared was that next to the copper 
ball: and the general appearance of it was round, and 
ſometimes more than half an inch in diameter. It 
did not ſend forth rays or ſtreams that were luminous ; 
neither did it extend beyond the ſurface; or the diſtance 
to which it did extend was ſo inconſiderable, as to ſeem 
incapable of being aſcertained, even at the inſtant before 
the exploſion, when it was moſt vivid; though at that 
time there did appear ſomething like a ſmall ſwell 

towards the centre, as if it was making an effort to get 
out. Whenever the wheel was ſtopped ſuddenly, or the 
motion of it decreaſed, the light retired on the inſtant, 
and totally vaniſhed: but when the motion of the wheel 
was renewed for a little time, the light returned as be- 
fore. The whole time that this appearance continued, | 
was never more than five or ſi X ſeconds: : reckoning from 
e moment it was firſt ſeen, to the inſtant when the ex- 

ploſion happened. The diſtance between the point and 
the tin ball meaſured three inches and a quarter. There : 
was no ſuch appearance on the copper ball; nor is it eaſy 


to conceive how there ever ſhould, when all the circum- 
ſtances are taken into conſideration. 


EXP. XXXV. Upon repeating this experiment with a 
' rounded end, inſtead of a point, and at the ſame diſtance 
from the tin ball, notwithſtanding every other circum- 

| ſtance 
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ſtance continued the ſame, there was no ſuch ap- 
pearance. 

EXP. XXXVI. But when the rounded end was moved 
conſiderably nearer, that is, within ſix-tenths of an inch, 
1 light was viſible; but then it was faint, and not more 
than one-tenth of an inch in diameter, even at the 1 in 
ſtant before the exploſion happened. 

THIRTEENTH OBSERVATION. By the firſt of theſe ex- 
periments it appears, that the influence which the point 
had upon the whole of the fluid contained i in the great 
cylinder, was ſuch as to cauſe a general tendency of it 
towards the leſs ſubſtitute; but, on account of the re- 

ſſtance which ſeemed to operate at the ſurface of the 
braſs ball, it was there ſtopped, and by degrees accumu- 
lated, till ſuch time as the accumulation Was great 
enough to overcome that reſiſtance. Now, accordin g to 
this manner of reaſonin g,the point did not draw the fluid 
out of the great cylinder filently ; ; but when the accumu- 
ation had got- to a ſufficient degree, a ſudden exploſion 
enſued, more or leſs violent, according to the circum- 
ſtances which accompanied the experiment: 


FOURTEENTH OBSERVATION. From the other experi- 
lacnt it appears, that the rounded end had not ſo great 
an influence as the point upon the charge in the cylin- 
der; becauſe we were obliged. to bring it five times 

nearer 
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nearer before any light could be perceived at all; and 
even then it was ſo faint and inconſiderable in its diame- 


ter (rather leſs than one tenth of an inch) compared with 


the other light produced by the influence of the Point, 
that it manifeſtly confirmed the truth of the laſt obſer- 
vation. 

Theſe facts being in my opinion ſo clear and ſatisfac- 
tory in regard to the great object we have had in-view, 
1 think that any farther experiments reſpecting the na- 
ture and uſe of conductors are unneceſſary. I ſhall 


therefore proceed to make ſome general deductions from 
what has been already related. 


It ſeems to be clear, that in all experiments made with 
pointed and rounded conductors (provided the circum- 
ſtances be the ſame i in both) the rounded ones are by far 
the fafer of the two, whether the lightning proceed 
from one or more clouds; that thoſe are till more ſafe, 
5 which (inſtead of being, as Dr. FRANKLIN recommends, 
ten feet high) are very little, if at all, above the higheſt 
part of the building itſelf; and that this ſafety ariſes from 


the greater reſiſtance exerted at the larger ſurface. 


The luminous appearance at the end of the braſs ball, 
occaſioned by the point in the thirty- fourth experiment, 


manifeſtly ſhewed that there was an accumulation of the 


fluid within that part of the ball, in conſequence of ſome 
reſiſtance: 
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reſiſtance: for when the reſiſtance at the ſurface of the 
braſs ball was at laſt overcome by the influence the point 
had upon the charge, the exploſion took place imme 
diately; and that, not only between the two ſubſtitutes, 
but alſo between the end of the leſs ſubſtitute and the 
point. 

A cloud, therefore, that happens to be charged, and 
within the ſtrikin g diſtance of another cloud which is 
not charged, and alſo equally within the influence of a 
pointed conductor, muſt neceſſarily produce ſimilar ef- 
fects with thoſe mentioned i in the Gy fourth experi- 
ment. 

on the other hand, clouds that: are circumſtanced like : 


thoſe above, and not within. the influence of a rounded 
conductor, will paſs quietly over ſuch a termination p and . 
without any exploſion. . 
Nor can any one, at all acquainted with ſubjects of - 
this kind, want to be reminded, how far the effects of : 
experiments, made within the limited power of ſuch an 


paratus, muſt differ | in degree from thoſe which are 
exhibited in the great and wonderful phenomena of. 
nature, 

If 1 could grant to thoſe who object to the motion 
employed in ſome of theſe experiments, that a cloud 


charged with lightning, and motionleſs, may impend | 
4 8 cover 
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over a building; it muſt nevertheleſs be allowed, that 
clouds are generally obſerved to move with conſiderable I wi 
velocity; ſo that when the velocity is from three quar- Il of! 
ters of a mile or ſomething leſs, to four or five miles or 12 
more in an hour, the pointed conductor is always ſtruck 
by the charge contained in the great cylinder. And the 
experiments which have been made by the addition of 
the leſs ſubſtitute ſhew alſo, that no ſecurity can be 
| expected from a pointed conductor when a th under- 
cloud is even entirely at reſt. 


UPON ACCELERATION, AND ITS EFFECTS. 


From conſidering the extraordinary effects which have 
ſometimes been produced upon groſs matter by light- 
ning, and the diſtance there frequently i is between thun. 
der- clouds and the earth, when ſuch effects take place, I 
ſuſpected that thoſe effects might in ſome degree be 
owing to an increaſe of the velocity of the fluid which 
produced them. 
To try whether this was s really ſo, it ſeemed neceſſary 
to have an apparatus of a far greater len gth than the 
great cylinder: I therefore made uſe occaſionally of the 
long wire which has been already deſcribed. 


TFT” 
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EXP. XXXVII. Upon connecting one end of this long 
wire with the farther end of the great cylinder, and the 
other with one end of the braſs drums; I found, that 
about fix uniform turns of the wheel, with a moderate 
velocity, were required to cauſe the appearance of a ſmall 
ſtream of light at the top of the ſpout deſcribed in the 
firſt experiment, when the model, with the pointed con- 
ductor upon it, ſtood directly under the . cylinder, 
but at the diſtance of five inches. 

Exp. XXXVIII, When the great cylinder was uncon- 
nected with the long wire and braſs drums, and whilſt the 
model, with the ſame conductor upon it, remained i in its 
place; about two turns, with the ſame velocity, were ſaf- 
ficient to charge the great cylinder, ſo as to cauſe a ſimi- 
lar appearance at the ſpout. - 
© EXP. xxxix. On ſeparating the great cylinder from A - 
fourteenth part of it (which fourteenth part for the pre- 
ſeit I call the little cylinder) the model and machine con- 
tinuing 1 in their places, „ it was found, that half a turn of 
the wheel was ſufficient to charge the little cylinder, ſo 
5 to cauſe the like appearance at the ſpout. 

FIFTEENTH OBSERVATION. Now theſe differences in 
the numbers of turns required for cauſing ſimilar ap- 
pearances, when the ſeveral charges were given in the 
thirty-ſeventh and thirty-eighth experiments, could not 
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ariſe from a difference in the quantity of metallic i matter 
contained in the reſpective ſubſtitutes; becauſe the tin- 
foil which covered the great cylinder (independent of 
the nails and wood it contained) was found to be near 
three times heavier than the weight of the whole wire, 
Neither could theſe differences be owing to a dif- 
ference in the quantity of ſurface of the reſpective ſub- 
| titutes; becauſe the ſurface of the great cylinder was 
found to be ten times greater than the ſurface of the 
wire. 
- "ROM ſeveral differences muſt therefore depend upon 
ſome other cauſe; - and, as a true knowledge of this cauſe 
may be of ſome moment in the preſent 1 inquiry, we mult 
endeavour to find it out by experiments and obſervations. 
To this end it may be neceſſary, that our inquiry 
ſhould begin from an early part of this ſubject, ſo that 
we may proceed regularly, ſtep by ſtep, as nature directs 
By purſuing this method (though it is propoſed to be 
done very generally on account of the length of this 
| Paper) we may poſſibly arrive at the knowledge of the 
| cauſe in queſtion, and ſhorten the road to the main ob- 
Jedi in view; I mean, the effects of comparative velocities. 
From the nature of this ſubtile and elaſtic fluid, and 
its being diffuſed throughout the whole earth as well 2s 
4 „ the 
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the air ſurrounding it, the leaſt violence exerted muſt 
neceſſarily diſturb it. 

And although experience hath taught us how to vary 
me natural quantity of this fluid in many ſubſtances, in 
conſequence of violence; yet the ſame experience hath 
likewiſe taught us, that we cannot increaſe that quantity 
in any particular ſubſtance, without taking it from the 
general ſtock contained i in the earth or air ſurrounding } =. 
and therefore, when this fluid i is fo increaſed, it may be 
properly ſaid to be in an unnatural ſtate; and whilſt it 
remains ſo, muſt (from its elaſtic principle) be always 
endeavourin 8 to recover its natural one. 

But experience hath alſo taught us, that metal, for 
example, hath a property of receiving the fluid more 


readily, whenever it is diſturbed, than moſt other ſub- 


ſtances: for which reaſon a notion hath prevailed with 
many, that this property of metal ariſes from a power of | 
attraction, which they ſuppoſe it poſſeſſes in a greater 
degree than any other ſubſtance. 
If this philoſophy were true, it would follow, that the 
lame power which attracted the fluid into the metal 
ought to keep it there: for it cannot be ſuppoſed to attract 
| tae fluid at one time, and then let it go at another; this 
would be abſurd, and contrary to experience. We muſt 


therefore try to find a better reaſon why metal } is poflefled 
P P 2 TD with 
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with the property of receiving this fluid more readily 
than other ſubſtances. 
EXP. xL. When the great cylinder, with the wire and 
braſs drums, were charged with a very ſmall quantity of 
this fluid, by the wheel being turned ſomething leſs than 
a a quarter round, there was, the moment after, a Viſible 


exploſion, and a ſenſible effect perceived at the remote 


end of the wire. When half a turn was given, theſe 
 Eficuns Mere greater; and, after a whole turn, the quantity 
of the fluid accumulated i in this great apparatus Was in- 
; creaſed conſiderably, 

SIXTEENTH OBSERVATION. Now, ſomething muſt 
have hindered the fluid from getting out of the cylinder 
and wire all the time they were charging, otherwiſe we 


ſhould not have been able to have cauſed the leaſt accu- 


mulation; for, from the nature of this fluid, there can- 
not be any accumulation without ſome reſiſtance to occa- 


Hon it. And whatever the nature of that reſiſtance may 


be, experiments ſhew, that there are certain bounds pre- 
ſcribed to its power of acting, and which in particular 
circumſtances ſeem to be very eaſily ſurmounted. 


From Sir is AAc NEWTON's obſervations'”, and a great 


variety of experiments made fince his time, we collect, 
that this principle of reſiſtance is probably exerted at, or 


(e) NEWTON's Optics, p. 240, 241, and 372. 


very 
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yery near, the ſurfaces of bodies, and extends only to 


very ſmall diſtances from them. 
It ſeems then, that it is by this kind of reſiſtance at 
the ſurface of bodies, that the quid i is prevented from 


eſcaping out of the great cylinder and wire, whilſt it is 
accumulating within them: : and therefore, when we be- 


gin to charge the great apparatus at the nearer end, the 


moment any part of the charge arrives at the farther 
end of the wire, it is prevented (in ſome degree at leaſt) 
from eſcaping, i in conſequence of the reſiſtance it meets 
with at that end. And, if we continue to make the 
charge greater, the charge itſelf, during! its increaſe, muſt 
aſo reſiſt every farther effort which any ways tends to 
make it greater, with a force probably Proportional to 


the quantity accumulated. 


EXP. XLI. When the great cylinder and wire with the 
drums were fully charged, and a perſon, ſtanding upon 
the wire which communicated with the well, ſuddenly 
approached the braſs drums with his hand, an exploſion 
enſued, which indeed was neither ſo large, nor did it 
take place at ſo great a diſtance, as might have been ex- 


pected”; nevertheleſs, the perſon received a violent ſen- 


(d) The circumſtances attending the exploſion in this experiment were cer- 
tainly owing to the long wire being not entire, but conſiſting of ſever al pieces 
twiſted together, the ends ot which, being very many, muſt have cauſed a con- 


erable part of the fluid to eſcape, and ſo have weakened the general effect. 
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ſation, not unlike that produced by the Leyden phial, as 
it affected his body quite through, from the hand that 


took the diſcharge to the feet that ſtood upon the wire. 
EXP. XLII. Upon IE peating the above experiment, 


with the great cylinder only, and when it was fully 
charged, the exploſion appeared ſtronger, and the diſtance 
it ſtruck at greater, than in the other caſe; and yet tae 


ſenſation received Was not near ſo violent as when the 


| long wire was connected with it. 


EXP. xLIII. When the little cylinder by itſelf Was 


fully charged, the effects were very inconſiderable, com- 
| pared with thoſe from the great. cylinder: for, in this 
caſe, the perſon ſtanding upon the wire of communication 
was affected in his hand only, and that no farther than 


the wriſt, Theſe three experiments were repeated many 


times by different perſons, and the reſults were nearly 
the ſame. 


'SEVENTEENTH OBSERVATION. When all the circum- 


ſtances in the two laſt experiments are conſidered, we 


may ſafely conclude, that the difference i in the ſenſation, 
produced by the two cylinders, could ariſe from no other 


cauſe than a difference in their lengths; the one being 


fourteen times longer than the other, and both in other 


reſpects nearly ſimilar; and ſince the ſenſation perceived 


in 


— 
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in the thirty- eighth experiment, where the long wire 


was employed, was conſiderably greater than when the 
great cylinder alone was charged, we ſeem to have ſuf- 
ficient reaſon to apprehend that the effects of every 


charge, as to ſenſation, will be proportional to the length 
of the body charged; provided the charge (or accumula- 


tion) be uniform from end to end in every experiment. 


Apprehending that, if ſome of the circumſtances em- 
ployed in producing the charge were varied, we might 


poſſibly obtain a greater charge than we had yet found, 
made the following experiments. 5 


EXP, XLIV. Inſtead of one machine to charge the 
great apparatus I made uſe of two. The glaſs cylinders | 
belonging to each were of the ſame length and diameter 
nearly. One of thoſe machines was continued in its 
uſual place, which was not far from the nearer end of 
the great cylinder. The other ſtood at the farther end of 
the braſs drums. After connecting the long wire with 
the great cylinder and braſs drums, in the manner before 
deſcribed, the wheels of both machines were put into 
motion, with equal and uniform velocities: and after : 
fix turns of each wheel (for 1 could not prevail upon 
my one preſent at the time to take a higher charge), 
and, after waiting above eight ſeconds, a perſon ſud- 


denly 
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denly approached the braſs drums with his hand; imme. 
diately an exploſion took place, and a diſagreeable ſenſa- 
tion was perceived. The diſcharge was then made at the 
nearer end of the great cylinder, and there ſeemed to he 
no difference in the effect. 
EXP. XLV; Upon repeating the experiment with one 
machine only, and after the ſame number of turns of 
the wheel with the ſame velocity, and after waiting above 
eig ht ſeconds alſo, the ſame perſon ſuddenly cauſed an 
exploſion with the ſame hand. But the ſenſation i in con- 
ſequence of it was very different from the laſt experi- 
ment; for he declared it was little more (if that) than 
half as violent. Theſe laſt experiments were alſo re- 
peated ſeveral times by another perſon, who gave the 
ſame account of the reſults), 
EXP. XLVI. I now charged the long wire only and 
fully, and with one machine: the exploſion, in this caſe, 
appeared not very large, but of a reddiſh hue; and the diſ- 
tance it ſtruck at was not more than one inch and an halfz; 
however, the ſenſation acroſs the body 1 was at that inſtant 


(ez) On 8 theſe two laſt experiments IJ find, that inſtead of 
giving fix turns to the wheel, in the lait experiment, I ought to have given 
twelve, in order to make any compariſon between the effects of the two expe- 
riments: I therefore ſimply relate the experiments as they were made, without 
making any deductions from them. 

ſharp 
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ſharp (as it was expreſſed) and violent, but not quite fo 
diſagreeable as when the great cylinder was connected 
with it, and ſimilarly charged. 

EXP. XLVII. Having procured an equal quantity of 
the ſame kind of wire, and of the ſame diameter, with 
that which was ſuſpended and tried in the laſt experi- 
ment, it was placed in the form of coils upon a board, 
fixed on the top of a long ſtand of glaſs, without having 
any connection whatſoever with the great apparatus, or 
any part of it. Theſe coils were then fully charged by 
the power of one of thoſe machines only. The ſenſa- 
tion they afforded, in conſequence of cauſing ſparks, 
was Very inconſiderable, compared with what had been 
obſerved in the laſt experiment. 

EXP, XLVIII. The ſeveral coils of wire employed in 
the laſt experiment, as likewiſe ſeven hundred yards 
more in coils alſo, were joined together at their ſeveral 
ends. T heſe coils being then ſtrung upon filk lines, were 
drawn out into a form reſembling that of a ſcrew „and ſe- 
parated from each other in ſuch a manner all along as 
to occupy one hundred yards of filk line. The ſeveral 
diameters of theſe coils, at a mean, were about fifteen 
inches. As I had ſo ſhort a time in which to prepare 
and ſuſpend them properly, the diſadvantage of their 
touching and interſecting each other in many places 
nF * 04 could 
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could not be prevented; however, 1 found that the ſen- 
ſation caufed, after charging this wire, was nearly equal 
to that which had been experienced from the long Wire 
in the forty-ſixth experiment. 

EXP. XLIX. Upon joining the farther end of theſe 
coils to one end of the long wire, ſo. that the whole 
length was in this experiment about three thouſand nine 
hundred yards, and afterwards charging the nearer end 
of the coils, and without the great cylinder (at being 
at that time taken down) the ſenſation complained of, 
by two indifferent perſons, was twice as violent as the 
ſenſation perceived by the ſame perſons when the long | 
wire alone was charged. 

It may be now proper to make ſorne general obſerva- 
” tions reſpecting the explo oo on itſelf, and the quantity of 
the fluid diſcharged i in conſequence thereof. 
After many experiments we found, that when the 
great apparatus was fully charged, and the motion of 
the wheel ſuddenly ſtopped, 1t appeared, that a ſingle 
exploſion at either end of it, inſtantly (as to ſenſe) diſ- 
charged the fluid contained therein; but never ſo effec- 
tually as to leave no remainder: for the quantity which 
did remain (upon a ſecond application immediately after- 
wards) was generally ſufficient to cauſe a ſecond explo- 
ſion 
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ſion perceptible to the ſenſe of — as well as to that 
of ſight. 

Now, before the great exploſion was cauſed, the fluid 
accumulated in the apparatus muſt have been diffuſed 
equally through it, in conſequence of its elaſtic princi- 
ple; and, being ſo circumſtanced, a ſudden application of 
the hand, or any other ſubſtance, which would open a 
door for the paſſage of the fluid into the earth, was 
found to diſcharge the greater part of that fluid: and 
whatever part thereof was ſo diſcharged, the moſt diſtant 
particles ſeemed to have arrived at the point where the 
| exploſion took place, at the ſame time with thoſe that 
were the neareſt to it; becauſe, immediately after the ex- 
ploſion, there was very little of the fluid remaining i in 
the apparatus. 

If then the diſcharge of the fluid be, as it ſeems to be, 
very nearly inſtantaneous, the particles of it muſt move 
with velocities, and conſequently w ith forces, very nearly 
proportional to thoſe diſtances. 

From this conſideration 1 apprehend it will appear, 
why the ſenſation upon the diſchar ge from the long wire 
In the forty-tixth experiment was more violent: and 
upon recollecting the thirty -{eventh, thirty-eighth, and 
thirty-ninth experiments, and the obſervations I made 
upon them, I am inclined to believe, that the effect 

Q g 2 depends 
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depends more upon the length of the metallic body, than 
upon the quantity of its matter or ſurface. 

It was upon the idea of the velccity of the fluid being 
thus increaſed, that l apprehended gun- powder might be 
fired without the leaſt appearance of a ſpark. The ſuc- 
ceſs of this experiment was an inducement to try KUN- 
 KELL'S Phoſphorus, which was made by Dr. HIGGINS, 

The moment this inflammable ſubſtance was brought 

very near the ſurface of the braſs drums, it burſt into a 

blaze; and common tinder, applied in the fame manner, 
was ſet on fire the inſtant when it was brought ſo near as 
to touch the metal: but there was not the leaſt appear- 
ance of a ſpark | in any of theſe experiments. 

The method taken to fire the gun-powder was this: 
upon a ſtaff of baked wood a ſtem of braſs was fixed, 
which terminated in an iron point at the top. This point 
Was put into the end of a ſmall tube of Indian paper, made 
ſomewhat 1 in the form of a cartridge, about one inch and 


> = quarter lon 8) and about two-tenths of an inch i in diame- 


ter. When this cartridge Was filled with common gun- 
powder (unbruited) the wire of communication with the 
well was then faſtened to the bottom of the braſs ſtem. 
Being ſo circumſtanced, and whilſt the charge in the 
great cylinder and wire was continually kept up by the 
motion of the wheel, the top of the cartridge was brought 
ſo 


Ir 
ſe 
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ſo near to the drums as frequently to touch the metal. 
In this ſituation, a ſmall faint luminous ſtream was ob- 
ſerved between the top of the cartridge and the metal 
Sometimes this ſtream would ſet fire to the gun-pow- 
der at the inſtant of the application; at others, it would 
require half a minute or more before it took effect. But 

| this difference in time might probably ariſe from ſome 
difference in the circumſtances, for any the leaſt moiſture 
in the filk lines, the powder, or in the. paper itſelf, was 

| unfavourable to the experiment. | 

This new method of firing gun-powder by: a luminous ; 
ſtream of the matter of lightning ſurely merits the moſt 
ſerious attention; and more eſpecially in thoſe caſes 
where pointed conductors are fixed to ſecure magazines 
of gun-powder from ſuch accidents. 

In repeating the laſt experiment, there were one or 
two inſtances where the powder Was fired without 
making uſe of the long wire; but never with the great 
cylinder alone: for we were obliged to connect it with '_ 


the braſs drums by means of a wire ten or twelve feet 
long. 


It was, however, a conſiderable time (ten minutes or 
more) before the experiment ſucceeded even with this 
laſt ee T ls was not the caſe with tinder; for it 


fired 
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fired pretty readily, and ſometimes with the great cylin- 
der alone. 
xxx. L. Before the apparatus was taken down in the 
pantheon, attempts were made ſeveral days to fire gun- 
powder, but without ſucceſs, except in one inſtance, which 
was attended with ſome difficulty. This failure ſeemed 
to be owing to a variety of cauſes, the chief of Which 
. appeared to be moiſture that affected the filk lines, and 
perhaps the powder itſelf. 1 might add alſo the duft, 
which | in ſo long a time had ſettled upon the lines, and 
rendered them i in ſome degree incapable of reſiſting the 
paſſage of the fluid. However, when the coiled wire 
upon the filk lines Were properly joined to the long wire, 
as in the forty-ninth experiment, it was found that gun- 
powder could be fir ed very readily. This is another 
proof of the increaſe of velocity by increaſing the length 
of the wire. 
The exploſion of gun- powder, i in the particular man- 
ner related above, without the aſſiſtance of the Leyden 
charge, and even without a ſpark, is an effect which 
could not eafily be deduced from reaſoning upon any 
experiments hitherto made; for though gun-powder has 
been frequently fired with the Leyden charge, yet there 
is a difference in the two caſes, which makes it neceffar) 
to take ſome farther notice of that experiment. 
7 When 


len 


When the Leyden phial is charged we find, by expe- 


ment, that the charge is confined in a ſmall compaſs, 


or very much condenſed, near one ſurface of the glaſs. 


It is alſo true, that the oppoſite ſurface of the ſame glaſs 
is as much rarified, or (according to Dr. FRANKLIN, Who 


vas the firſt that obſerved it) in a minus ſtate. Now, ac- 
cording to this rule, the greater the ſurface of the glaſs is, 
and of an even and limited thickneſs, the greater charge 
may be given; and the greater the charge, the greater muſt 
dethe effect (whenever the diſcharge i is properly made) to 
reſtore the natural ſtate of the glaſs on the two oppoſite 7 
ſides. 
kind of apparatus, experience bath taught us hitherto, 
that the powder ſhould be confined, for example, in a 
tube or cartridge; and th at this cartridge ſhould be placed. 
nſuch a manner as to make part of the circuit neceſſary 
for the diſcharge of the fluid from one ſurface of the 
glaſs, and Carry it through the cartridge to the other ſur- 


In order therefore to fire gun-powder with this 


face. But it is alſo neceſſary, before the powder can be. 
fred, to have part of the wire which forms the circuit in 
contact with the powder; or, to have one end of the wire, 
vhich makes part of the circuit, forced a little way into 
one end of the cartridge; and another end of a wire, 
Which alſo makes part of the circuit, forced a little way 


into the other end of the cartridge; but ſo as that the 
tWO. 
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two ends of the wire within the cartridge may be at a 
proper diſtance from each other; which diſtance will 
depend upon the ſtrength of the charge. When every 
thing is thus adjuſted, and the circuit properly made, the 
gun-powder is generally fired; l ſay generally, becauſe 
it ſometimes happens, that the charge is not great enough 
to produce the effect required. For this effect does not ap- 


pear to proceed from the ſpark or the exploſion produced 
by the fluid (becauſe flame of a certain denſity will not fire 
gun- powder); but it muſt be from the ends of the two 
wires, or from one of them at leaſt, within the cartridge, 
being rendered hot enough to fire the gun- powder, in 

conſequence of the very great quantity of the fluid, and 


the velocity with which it paſſed through the wire at that 


moment: it being well known that wire, even of Aa con- 
fiderable thickneſs, has been frequently made red-hot, 
and even melted, by the Leyden charge. oy, 

Mp. LIND, a gentleman who is well acquainted with 
this ſabject, favoured me with a fight of a very curious 


experiment, which ſeems to ſhew more clearly what has 


been adv anced above, reſpecting the immediate cauſe of 
the gun-powder's taking fire in the Leyden experiment. 
He procured for the purpoſe ſome extraordinary fine 
threads or ſhavings of ſteel; one of which was ſo ditpoſed, 


where gun-powder was properly lodged and confined, as 
= 


ö 


7 


) 
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to be in contact with the powder. After having charged 


a ſmall phial, which did not exceed a pint in meaſure, 
with only a few turns of the wheel, he made the diſ- 
charge, and fired the gun-powder. The advantage he 
gained by baving ſo ſmall a thread of metal in this ex- 
periment was, that it could be made red-hot with a leſs 
charge than what 1s neceſſary when a thicker wire 3 
made uſe of; and the ſmallneſs of the charge he em- 
loyed to fire the powder was a certain proof that the 
licel thread had been made red-hot. _ 5 

Upon the whole we find, that this method of firing 
gan- powder 18 totally different from the other, where the 
great apparatus was employed; becauſe the faint lumi- 
nous ſtream, obſerved at the braſs drums where the gun- | 
powder was applied, 1 found was abſolutely incapable of - 
making the point of metal within the cartridge red hot. 
beſides, there did not appear to be any explotion what- 
lever between the apparatus and the powder at the in- 
ſant it was fired. 
Before I conclude this paper, it may not t be amiſs if I 
take 1otice of certain atmoſpheres, which bodies have 
wund them when they are properly charged with this 
laitic fluid; becauſe the nature of them may not per- 
laps be perfectly underſtood by every one who attends 
0 enquiries of this kind. 

Vol. LXVIII. * Rx — r 
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Every charge, from the nature of the fluid which pro- 
duces it, muſt, while ſuch charge remains, continually m 

act upon the air ſurrounding it; and of conſequence 
upon the fluid alſo, which ſtands diffuſed therein, and inf th 
the intervals between its parts by its repulſive principle. (a 
This appears to be true, not only from theory but expe 
: riment. | - t1 
The ſtate of the fluid in the air neareſt to the cylinder v 
that is charged, muſt therefore be in an oppoſite ſtate v q 

that which is in the cylinder; that is, in the one caſe i 
will be condenſed, andi in the other rarified. hc 
Now, becauſe the power ariſing from the charge t 
within the cylinder, which cauſed the rare faction beyond 
its outward ſurface, is limited; the diſtance to which m. 
that rarefaction extends, muſt be limited alfo: and beyond qu 
that diſtance the fluid muſt be condenſed more or leſs, 5" 
according to the power of the charge which cauſed thelll '5: 
rarefaction. 1 ; 
Whenever therefore we are diſpoſed to open a door u ne 
let the charge out of the cylinder, the rarified fluid near bu 
the outſide of che cylinder muſt neceſſarily promote thi lat 

diſcharge at that inſtant. 

As to the diſtance to which this rarefaction extends, it 
will always depend upon the ſtrength. of the charge, anc 
Y the 
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the ſtate of the air in the place where the experiment is 
made. 

When I ſuſpended the 1600 yards of wire in the Pan- 
theon, the ſeveral lengths thereof were purpoſely hung 
(as hath been obſerved before) at five or fix feet diſtance 
from each other, entirely upon this idea; leſt the reſpec- 
tive atmoſpheres might interfere with cach other, or 


with the charge contained 1 in the ware, and by that means 
diſturb the experiment. 

It is now time to put an end to this i inquiry; in which, 
however defective I may have been in ability, neither 
attention nor impartiality have been wanting; : and al- 
though it may be true that, « even before theſe experi- 
ments were tried, I was inclined more to one fide of the 
queſtion than the other, it was becauſe I many years ago 
grounded my perſuaſions upon the philoſophy of Sir 
BAA NEWTON. Without thoſe perſuaſions, and the 
advantage of that moſt gracious encouragement which i is 
never wanting to Honeſt and candid endeavours in the 
purſuit of philoſophical truth, 1 ſhould hardly have felt 
ſufficient zeal to engage in ſo conſiderable an under- 
taking : nor indeed, without powerful aſſiſtance, could 
che great object of this 3 inquiry have been in any degree 
attaned. For my own part, I can boaſt of very little 
more in this inveſtigation than patience and induſtry. 

R x 2 . 1 mall 
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I ſhall only add, that if any one, who may be diſpoſed 
to try the preceding experiments, will uſe an apparatus of 


ſufficient dimenſions, and faithfully attend to every cir- 


cumſtance as I have done, I have no doubt they will find 


the ſame reſults; but they muſt alſo apply their obfervation 
to much ſmaller circumſtances than Have been here ſpe- 


cified, as the intervention of a fit n gle hair, a fibre of down, 
or even a little vapour arifing from perſpiration or other- 


wiſe, will, where great exactneſs is required, fometimes 


prevent the ſucceſs of an experiment; and by that means 
miſlead the obſerver, or afford a ſubterfuge for a miſtaken 


hypotheſis. 


Great Ruſlel-ftreet, Bloomſbury, 
November 12, 1777. 


N. B. The different diſtances at which the point and 


ball were ſtruck being expreſſed in fractions, p. 2 1 


thought it would be better to put theſe diſtances in 


whole numbers, that the ratio between them may more 


clearly appear. 


Sharp point. — end. 


= 25 
160 r 
130 35 
2230 - | I © 
260 — 0 

80 4 


Forty of thoſe parts are equal to one inch. 


1 5 Meaſure- 
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8 


| Meaſurements, &c. of the great Apparatus and Machinery. 


Length of the wire ſuſpended, which 
conſiſted of many pieces that — 8 
connected by twiſting the ſeveral — 
ends together, „E \ 

Weight of the wire 

Twenty-one pieces of this wire, laid]! 

parallel and cloſe to each other, 
meaſured exactl r,: 

Surface of the whole wire in ſquare feet, 

Length of coiled wire, which was ſui- 
pended alſo, butin a form ſomewhat Hg 
reſembling a ſcrew and of the ſame 
thickneſs with the wire above, 5 

Length of great cylinder, includin ry 


6900 


the braſs drums above, 15 
Diameter of this cylinder, e 
Weight of tin-foil, which mani 1 
87 
112 drums, - 
Surface of 112 drums in POR feet] 
592 


(including the ſix ends) n 


Space 


— 


_ | | « * 
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Feet. In. 
Space through which the conductor 
upon the model paſſed from its 
beginning to move, to the inſtant} 
nearly of its being ftruck, = _ 
Heighth of the frame from the _ = 
Breadth of the frame, A ns 
Heighth of the two poſts, on . 0 4 1 
of which were fixed two wheels, 
Diameter of the great wheel, 
Diameter of the ſmaller wheel, 9 
\ 


'S: 
o 6 


upon the ſame axis, 

Len of frame on which the > model} 

moved. — 

Diameter of the pulley that was * 
between the two poſts, which deli- 
vered the line from the model to | 
the greater wheel, the center of } 

Which pulley was two inches and 
an half above the center of reſiſ- 4 
' tance in the model, * 

Greater weight to draw the model, ” 

Smaller weight, = - — 

Weight of the model, - - 


18 2 


Ihe 


— 


7 End of the Great Cylnder . 
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= The luminous part -reen ae the ond of the Braſs Bail 
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| Feet. 
Length of the modell I 
Breadth, — — 1 
Heighth to the top of the * I 
Roof above the parapet, — 
} Chimnies exceeded the higheſt 25 
paart of the roof, about N 6 
. | Pointed conductor when fixed} - 
8 } upon the roof, - 35 
__ Length of ſhort ſpout, = Po 10 


bent ſtate, = 

5 The two poſts or pillars to p- 

port the ciſtern (which ciſ- 

| tern was lined with lead) 
| belon aging to che ſhort out] 


doll 


Upon a ſcale of one-third of an inch to a 


3 of long ſpout in its P 


5. A Report of the Committee, appointed by the Royal So- 

ciety, to conſi der of the moſt efeciual method of ſecuring 

- the Powder Magazines at Purfleet again the Efects- 
of lightning ; in compliance with rhe Requeſt of be 
Board of Ordnance. 


IT being referred to us to conſider, whether any 
thing more than what was formerly directed by the 
committee of the Royal Society in the year 1772 can be 
done, 
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done, for the preſervation of His Majeſty's magazines at 


Purfleet: we, having attentively examined the experi- 


ments and obſervations of Mr. WILSON, contained in 1 
paper referred to the Society by the Board of Ordnance; 
and having maturely conſidered the ſubject at large, 
ſubmit it as our opinion. 


1 That it is very improbable, that the powder Maga 


zines, guarded 1 in the manner in which they are at pre. 
ſent, ſhould receive any damage from lightning. 
2. That they would be till leſs liable to be injured if 


three other elevated pointed rods, ſimilar to thoſe already 
erected, were to be fixed upon the roof of each of the 


five magazines, between the extreme rods, at equal diſ- 
tances from each other, with three ſtrips of lead, about 


one foot in breadth, ſtrongly connected with them, and 


carried down the roof, from the ridge to the eaves, on 


each ſide of the building; thence two of them to be 
continued into the earth, and to terminate at the bottom 
of wells; one of which ſhould be dug for that purpoſe 
nearly in the middle of each of the intervals between the 


magazines, deep enough to contain at leaſt four feet of 
water. The middle ftrip ſhould be connected with the 
iron rod over the door, hereafter to be mentioned, 

We alſo adviſe, that other high pointed rods be 


erected; one at each of the tour corners, and one over 


each 


\ 
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tech of the metal doors in the middle of the ſides; 
which latter ſhould be bent, ſo as to avoid the doors, in 
the ſame manner as thoſe which are already placed upon 
the outward fide of the outermoſt magazines. All which 
rods ſhould be continued into the earth, and be made to 
communicate with the bottom of the water of the neareſt 
wells, by means of leaden pipes, cloſely connected with 
theſe iron rods. Likewiſe, that ſtrips of lead be put 
upon the copeing of the end walls, and be made to com- 


municate with the rods to be placed at the ſeveral cor- 
ners as above directed. 5 

3. But that the greateſt degree of ſecurity would be 
attained by covering the whole roof, and the tops of the 


end walls of each of the five magazines, with lead; 


erecting all the additional conducting rods above di- 
rected; and forming a communication between the 
leaden covering of the roof, and the bottom of the wells 
as before mentioned. =: 

As to the other buildings belonging to the magazines 
we recommend: = 

1. That a pointed rod, ſimilar to the reſt, be erected "2 
each end of the proof-houſe, and be united with the lead | 
already there: alſo, that the lead on the roofs of the two 
low buildings, deſtined for the reception of the empty 
powder caſks, &c. be connected with the wells by means 
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7 Papers relative to an Accident 
of one ftrip of lead in the middle of each building, o 
the ſame breadth as thoſe above mentioned. 


2. That a pointed rod of copper, about three quarter 
of an inch in diameter, be erected on each of the four 
chimnies of the Board-houſe, reaching five feet above 
them; and be connected, by ſtrips of lead, with the other 
lead upon the roof of the building. . 

We do alſo adviſe i in general: 1. That the lead and 
rods, upon the ſeveral buildings, be reſpectively con- 
nected with the neareſt wells, by the ſhorteſt metallic 
communication that can conveniently be formed; in par- 
ticular, that the two leaden ſpouts of the Board-houſe, 
which do not reach the ground, but terminate in ciſterns, 

be connected, by ftrips of lead, with thoſe ſpouts that do 
already communicate with water. » That the different 
pieces of which the iron rods may be compoſed, be 
ſtrongly ſcrewed together in cloſe joints, having a chin 
: plate of lead between them, as directed by the firſt com- 
mittee. 3 That theſe rods be firmly fixed, and cloſely 
5 connected with the lead upon the roofs. 4. That all the 
trips and pieces of lead be well faſtened and ſoldered 
together, ſo as to make a perfect metallic communica- 
tion with the bottom of the wells. ©: That the iron rods 
be painted, except in thoſe places where they are to be 
in contact with the lead; that they be all ten feet high; 
— = — 
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and that they be terminated with pieces of coppereighteen 
inches long, like thoſe already erected: and, 6. that theſe 


copper terminations be very finely tapered, and as acutely 
pointed as poſſible. 


We give theſe directions, being perſuaded, t that ele- 


vated rods are preferable to low conductors terminated i in 
rounded ends, knobs, or balls of metal; and conceiving, 


the contrary by Mr. WILSON, are inconcluſive. 


March 1 2, 1778. gy : W. WATSON, 
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XVI. On the Arithmetic of Impoſſible Qyantities. By the 
Rev. John Playfair, #. I. Communicated by he 
Rev. Nevil Maſkelyne, D. D. F. R. S. and Aronomer 
Royal. 


Read Feb. 26, F HE paradoxes which have been intros 


1778. 


duced into al gebra, and remain un- 
known in | geometry, point out a very remarkable dif- 
ference i in the nature of thoſe ſciences. The propoſitions 
of geometry have never given riſe to controverſy, nor 
needed the ſupport of metaphyſical diſcuſſion. In alge- 
bra, on the other hand, the doctrine of negative quanti- 
ties and its conſequences have often perplexed the ana- 
lyſt, and involved him in the moſt intricate diſputations 
The cauſe of this diverſity, in ſciences which have the 


ſame object, muſt no doubt be ſought for i in the different 


modes which they employ to expreſs our ideas. In geo- 
| metry every magnitude is repreſented by one of the ſame 


kind; lines are repreſented by a line, and angles by an 


angle. The genus is always ſignified by the individual, 


and a general idea by one of the particul ars which fall | 
under it. By this means all contradiction is avoided, and] 
2 the] 


. 
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the geometer is never permitted to reaſon about the rela- 
tions of things which do not exiſt, or cannot be exhi- - 
bited. In algebra again every magnitude being denoted 
by an artificial ſymbol, to which it has no reſemblance, | 


is liable, on ſome occaſions, to be neglected, while the 


ſymbol may become the ſole object of attention. It is 


not perhaps obſerved where the cennection between 


them ceaſes to exiſt, and the analyſt continues to reaſon 
about the characters after nothing i is left which they can 


poſſibly expreſs: 3 if then, in the end, the concluſions | 


which hold only of the characters be transferred to the 
quantities themſelves, obſcurity and paradox muſt of ne- 
ceflity enſue. The truth of theſe obſervations will be 
rendered evident by conſidering 1 the nature of i imaginary 
expreſſion S, and the different uſes to which they have 
been applied. 5 . 

2. Thoſe expreſſions, as is well known, owe their ori- 


| gin to a contradiction taking place in that combination 
of ideas which they were intended to denote. Thus, if 
Lit be required to divide the given line AB (fig. 1.) =a 
| in c, ſo that ac * cB may be equal to a given ſpace 2˙ 


| and if Ac=x, then x=La=\ 24 - which value of x is 
imaginary when #* is greater than a; now to ſuppoſe 
| that * is greater than 447. is to ſuppoſe that the rectangle 
ex CB is greater = the ſquare of half the line as, 


which 
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vhich is impoſſible. The ſame holds wherever expreſſions 
of this Kind occur. Thus, when it is aſſerted that unity 
has the three cube roots 1, . 


more is meant than that when the general equation 
-A ro is, by a change i in the data, reduced to 
the particular ſtate x*— 1 =0, x is then equal to unity only, 


and admits not of any other value, as it does in more 


general forms of the equation. The natural office of 
imaginary expreſſions i is, therefore, to point out when 
the conditions, from which a general formula 1s derived, 


become inconſiſtent with each other; and they cor- 


reſpond i in the algebraic calculus to that part of the geo- 


metrical analyſis, which i 18 uſually ſtyled the determina- 


tion of problems. 
3. This, however, is not the only uſe to which i imagi- 


nary expreſſions have been applied. When combined 
according to certain rules, they have been put to denote 
real quantities, and though they are in fact no more than 


marks of impoſſibility, they have been made the ſubjects 


of arithmetical operations; their ratios, their products, | 
and their ſums, have been computed, and, what may 
ſeem ſtrange, juſt concluſions have in that way been de- 


duced. Nevertheleſs, the name of reaſoning cannot be 
given to a proceſs into which no idea is introduced. 


Accordingly 
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Accordingly geometry, which has its modes of reaſon- 
ing that correſpond to every other part of the algebraic 
calculus, has nothing ſimilar to the method we are now 
contidering; for the arithmetic of mere characters can 
have no place in a ſcience which is immediately conver- 
ant with ideas. Y 

But though geometry rejects this method of inveltiga- 
tion, it admits, on many occaſions, the concluſions de- 
nved from it, and has confirmed them by the moſt ri- : 
gorous demonſtration. Here then is a paradox which- 
remains to be explained. If the operations of this 1 imagi- 
nary arithmetic are unintelligible, why are they not alſo 
uſeleſs? Is inveſtigation an art ſo mechanical, that it may 


be conducted by certain manual operations or is truth 
fo cafily diſcovered, that intelligence is not neceſſary to 
give ſucceſs to our reſearches? Theſe are difficulties- 
which it is of ſome im portance to reſolve, and on which. 
much attention has not hitherto been beſtowed. Two 
celebrated mathematicians, BERNOULLI and MACLAURIN, . 
have indeed touched on this ſubject; but being more in- 
tent on applying their calculus, than on explaining the 
grounds of it, they have only ſuggeſted a ſolution of the 
lifficulty, and one too by no means ſatisfactory. They - 


aledge'®”, that when imaginary expreſſions are. put to: 


(a) Op. J. BERx. tom, I. Ne 50, MACLAUR, Flux. art. 699763. 
denote. 
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denote real quantities, the imaginary characters involved 
in the different terms of ſuch expreſſions do then com- 
penſate or deſtroy each other. But beſide that, the man. 
ner in which this compenſation is made, in expreſſion; 
ever ſo little complicated, is extremely obſcure, if it be 
conſidered that an imaginary character 1s no more than 
a mark of impoffibility, ſuch a compenſation becomes 
altogether unintelligible: for how can we conceive one 
impoſſibility removing or deſtroying another? Is not thi 
to bring impoffibility under the predicament of quantity, 
and to make it a ſubj ect of arithmetical computation? 
And are we not thus brought back to the very difficulty 
to be removed ? Their explanation cannot of conſe- 
quence be admitted; but, on attempting another, it be- 
hoves us to obſerve, that a more extenſive application of 

: this method, than had been made in their time, has now 
greatly facilitated the inquiry. We begin then with 
5 conſidering the manner in which the imaginary expreſ- 
ſions, ſuppoſed to denote real quantities, are derived; and 
the caſes in which they e uſeful for the purpoſes of 
inveſtigation. I 
4. Let a be an arch of a circle of which. the radius 

is unity, and let c be the number which has unity for 
its hyperbolic logarithm, then the fine of the arch a, or 
fin, 
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fn. 4= 33 — - and col, 6 ——.— >. Theſe 
exponential and imaginary values of the ſine and coſine 
are already well known to geometers; and the inveſtiga- 

tion of them, accordin g to the received arithi metic of 


impoſſible quantities, __ be as follows. 


Let fin. a=2, then 410 bring this fluxion 


* 1— 
under ſuch a form that its fluent may be found by loga- 


rithms, both numerator and denominator are to be mul- 


tiplied by V=r; then a = = 1x = bs and (by form. 
6. nan. Men.) a=v/— I x log. 279 — — Hence = 4 | 


= — 


tx 75 = log. 


7 =, and becauſe I is the log. of 7 
= —— . — — wherefore, if both parts of the fractional 
index of C be multiplied by Ae, =* — 1 N [fr 


—_— 
Again, if the arch à be conſidered as negative, its fine be- 


comes alſo negative, and therefore =a=vV/ —1 x log. 


= = or, 24 r=—log. ä — and av—1= 


log. — —; - whence alſo, ca 1 * . If from 


this equation the former be taken away, there remains 


l = C NI =, whence dividing by 2 — I we 


„ fave 2 = fin: a=— — . By adding together the 
Vol. LXVIII. Ft equations 
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equations a value of the coſine may be found in the ſame 


imaginary terms which were aſſigned above. Now by 
means of theſe expreſſions many theorems may be de- 
monſtrated; it may, for example, be ſhewn, that if a and 
5 are any two arches of a circle, of which the radius is 
fin. 275 fin. )  _. 

— 2 += * . For fin. a= 


— —1 2 5—1 
2 —, therefore, ſin. 2 


PN — * + N= — X N= | 


x coſ. þ = © ee — MD | 9” 


unity, then ſin. a x col. b= = 


/—1— ay/— * 


27 —1 7M and col. þ =- 


fin. TI a+b | fin. a—b. 
SS 


5. Now it may be obſerved, that the i imaginary value 
which has been found for fin. @ was obtained by bring- 
ing a fluxion, properly belonging to the circle, under the 
form of one belonging to the hyperbola. It may, there- 
fore, be worth while to inquire, whether a ſimilar ex- 
preſſion may not be derived from the hyperbola itſelf, 
Let BAD be a rectangular hyperbola (fig. 2.) of which 
the center is c, and the ſemi- tranverſe axis AC=I; let 3 
be any point in the hyperbola, join BC, and let BE be an 
ordinate to the tranſverſe axis. T hen, if the ſector 


ach , and BEE, it is known that a= = whenc: 
I+z* 


a =log. VIS. , and cs VT +2*, But if the ſector 
be taken on the other fide of the tranſverſe axis, 4 and 2 


become 


Ji 


le 


ord. a+b ord. = : 
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become negative, and c — VIS. Hence 2 


=; in like manner the abſciſs belonging to acs, that 


18 CE æ —.— Theſe values of the ordinates and abſciffie 


differ 1n nothing from thoſe of the ſines and coſines 
already found, except in being free from impoſlible 
quantities; for it is evident, that the quantity a is related 


in the ſame manner both to the circular and hyperbolic 


ſectors. If now ord. à and abſ. 4 denote the ordinate 
and abſciſs belonging to the ſectors 2, 2 reſpectively, 


ea <> + — | _— ho — 


ord. 5» ot == x — 


6. The concluſions in both the foregoin, g caſes are 


perfectly coincident, and the methods by which they 


have been obtained are ſimilar; though with this dif- 


ference between them, that in the firſt all the ſteps are 
unintelligible, but in the laſt ſignificant. If then, not- 
withſtanding a difference which might be expected ſo 
materially to affect their concluſions, they have been 


equally ſucceſsful in the diſcovery of truth, it can be 


aſcribed only to the analogy which takes place between 
the ſubjects of inveſti gation; an analogy ſo cloſe, that 


every property belonging to the one may, with certain 


reſtrictions, be transferred to the other. Accordingly, 
Te 4 every 
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every imaginary expreſſion, which has been found to 
belong to the circle in the preceding calculation, 18 by 
the ſubſtitution of real for impoſſible quantities, or of 
VII for V —1, converted into a propoſition. which holds 
of the hyperbola. The operations, therefore, performed 
with the imaginary characters, though deſtitute of mean- 
ing themſelves, are yet notes of reference to others which 
are ſignificant. They point out indirectly a method of 
demonſtrating a certain property of the hyperbola, and 
then leave us to conclude from analogy that the ſame 
property belongs allo to the circle. All that we are 
aſſured of by the 1 imaginary inveſtigation i is, that its con- 
cluſion may, with all the ſtrictneſs of mathematical rea- 
ſoning, be proved of the hyperbola; but if from thence 
We would transfer that concluſion to the circle, it muſt 
be in conſequence of the principle which has been juſt 
now mentioned. The inveſtigation, therefore, reſolves 
itſelf ultimately into an argument from analogy; and, 
after the ſtricteſt examination, will be found without any 
other claim to the evidence of demonſtration. Had the 
foregoing propoſition been proved of the hyperbola 
only, and afterwards concluded to hold of the circle, 
merely from the affinity of the curves, its certainty would 
have been preciſely the ſame as when a proof is made 
out by the intervention of imaginary ſymbois. 
4 8 8. Though 
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8. Though it might readily be coſſcluded, that the 
ſame principle on which the foregoing inveſtigation has 
been found to proceed, extends itſelf to all thoſe in which 
imaginary expreſſions are put to denote real quantities, 
it may yet be proper to make trial of its application i in 
ſome other inſtances. TT” 

Let AB, AC, AD, AE (fig. 3.) be any arches of a circle 
in arithmetical progreſſion, and let n be their number; 
it is required to find the ſum of the fines BC, CH, &c. of 
thoſe arches. Let the radius aF= I, AB = 2, and the com- 


mon difference of the arches, or BC. the ſum of the 


feries fin. a+fin. a+x+ſin. a + 2X + . (m) is to be 


. — = 


found. Now, becauſe ſin. FF 

. Tb, . S2 

ſin. V 222 On” 1 1 y A the ſeries 
28 x 


can —1 


— 5 % -S: © 000 15 2—1 © 


1 — r „„ (m). But theſe ſeries are 
both e progreſſions, and the ſum of the firſt is 


G i- r ie = 


— At 


e eee = and of the ſecond, 7 ER . - 
The ſum of the propoſed ſeries therefore 
8 ca 7 1— I = c- = = 1 1 1 
e ee ons © ICT eee 
— — — 1 = 
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in which expreſſion, if the ſines be ſubſtituted for the 
| imaginary values, we have 


. 
*%* : 
— — , 


col. mx — col. m—+ 1 XX 


— 
A oe. — — — wp 
„ 
* — * * 


. 
PPP ˙²˙ ²˙¹-¹˙Äà˙ꝛ˙D/ 
. . VS, 4 1 — — — 


out by theſe imaginary operations. 


LT . _ 


: 4 — To hoe — —— — „ — — — og. — : 


\ e DEG m ]⁰ ²•6AuA d IE OI EOF 7⁵³ꝛuQ , — 3 = 
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———+ 1 9 — 2. 
Ir ——-I- ON 


fin, a—fin. a a + mx — fin. 33 fin. a + mx —x 


0 
— — 


2 * 1 — col. x 


ſin. ar ſin. a+x+fin. a+ :: SEE 
When AB=BC, or _ the propoſed ſeries becomes 


fin. x + ſin. 2x + ſin. ZX ev 00» 00s: and its value = 


fin. x —fin. m+1 x x+fin. ma 
| 0 


2 * I —col. . 


In like manner it will be found, that the ſum of the 


— — 


| coſines of the ſame arches, or coſ. a+col. a+x+col. 7 25 


col. a —col. a+ mx — col. 77 + col. — — 
** (n m) = 


2X1—col.s £ 


and when a=, coſ. x + col. 2.x + col. 3X « — 9 . 


2* 1— coſ. x 1 


9. To ſolve the ſame problem, in the caſe of the hy- 
perbola, We muſt follow the ſteps which have been traced 
Let ABE be an 


_ equilateral hyperbola (fig. 4- ) of which the center 18 P/ 
and the tranſverſe axis aF=1; let ABT, ACF, Aby, &c. 
be any ſectors in arithmetical progreſſion, and let an be 


their number; : it is required to find the ſum of all the 
ordinates BG, CH, DK, &c. belonging thoſe ſectors. Let 
the ſeftor ArB = 2a, and the ſector Bye, which is the 

2 common 


4 


_ oy my. 8 


expreſſion becomes 
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common difference of the ſectors, See then ze, or 
— — ca — 

ord. a= , and CH, or ord. a 2 — 

3. Therefore the ſeries of ordinates, that is, 


BG+CH+DK + — . © © 6 » „„ YOu” 


„ by art. 


2 & 2.x 8 
* 1 ＋ = = + „ . 9 Cn) 1c 2 12 — 
— S2W9=Sm er þ pH rntmemamanh 
n — a e — — 
rd 2 —ord. a 3 3 ord. a+ mx —X = 3 
2 . + — —. When a=x. 
2 | 2x 1—abl. x | e 


ord. x + ord. 2x + ord. 32 (= 


ord. x—ord. m+ 1 xx ord. max 
2 2X1—abſ. x 


In like manner it is proved, that the fur of the 


abſciiſie, that is, FG+FH+FK+ « « + + (mm) = 8 


abſ, a—abſ abt a—x+ab. —.—. To 


BR T= __— —__—_ and when a=x, this 


@- 


ab. mx - abl. mEIX#_ 3 


2X1—abſl. x 1 


o. The coincidence of the theorems deduced i in the 
two wan articles is obvious at firſt ſight, and if the me- 
thods by which they have been obtained be compared, 
it will appear, that the imaginary operations in the one 
caſe were of no uſe but as they adumbrated the real de- 
monſtration, which took place in the other. This will 
be rendered more evident by conſidering that the reſolu- 
tion of the ſeries of hyperbolic ordinates, into two others 

of 
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of continual proportionals, can be exhibited geometri. 

cally. For, from the points A, B, c, and p, let Au, BY, 
co, DP, be drawn at Tight angles to the ally mptote FP: 

let GB produced meet FP in Q, and let BA be perpendicu- 

lar to the CON jugate axis FR. Then, becauſe the triangles 

FRS, FMA, a are equiangular, Ar: FTM :: Fs: FR; hence PRE 


BM 5 FM 


= Py = 7a x FN — NB. For the ſame reaſon CH 
FA . 


"FR. oc, and DK= x F PD. Therefore, BG+ CH+DK 
FA LE 


FM 
=== x FN+£O+FP—— x BN+CO+DP; now, FN, ro, re, are 


continual proportionals, and ſo alſo are BN, FO, FP, be- 


cauſe the ſectors FBC, FCD, Are equal. But in the circle 
no ſuch reſolution of the propoſed ſeries of fines can 
take place, that ſeries being {ubject to alternate increaſe 
and diminution; on which account it is, that imaginary 
characters enter into the exponential value of the fine, 
Thoſe characters are therefore ſo far from compenſating 
each other i in the preſent caſe, as they ought to do, on the 
ſuppoſition of BERNOULLIand MACLAURIN, that they ma- 
nifeſtly ſerve as marks of impoſſibility, There remains, 
of conſequence, the affinity between circular arches and 
hyperbolic areas, or between the meaſures of angles and 
of ratios, as the only principle on which the imaginary Þ 
inveſtigation can proceed, It need ſcarcely be obſer ved 


f> 2 


+ 


that 
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mat the exponential value of the hyperbolic ordinate 
may be deduced from what has been proved in this 
article. | | e 

11. But as the arithmetic of impoffible quantities is 

no where of greater uſe than in the inveſtigation of 

fluents, it is of conſequence to inquire, whether the pre- 
ceding theory extends alſo to that application of it. 

Let it then be required to find the fluent of the equa- 


tion; 2 = a =, where Q denotes any function whatever - 


of v x. For this purpoſe, the following lemma is premiſed: 
let x be any arch, and 5 any flowing quantity; then, if = 
the ſign JO be taken to denote the fluent of the quantity 


S which i it is prefixed, fin. x x ſþ 5 col. x—col. * *ſþ ſin. * 
„ „„ de i . 2 
f br 31 


bei or if z be a by- 
perbolic ſector, ord. * 7 5 abſ. x — abſ. x ſo 5 ord. KF = 


ſpot ſhe. 


Becauſe ſin: x <ſpcoſ.x= * 8 s IR. e, 


29 — 


by ſeparating the terms we have fin. * 7 col. * 


—— —— 

* 5 — ALY and 
iber ; : » = ſpe x 5 „ ber 155 
1 | 
— for the ſame reaſon — col. 85 ſin. & 


—.— — P. 
Pope . ſpe ** be + 
VoL. LXVIIL. * Uu 1 
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. — - [+ _ *. —?, Wherefore, by collecting the "00 of 


all the terms, we have fin. x Poco. x—col. x 1 5 ſin. x = 


Ba fpeme mr = BEE ſporv—, 

The demonſtration i in the caſe of the hyperbola js free 
from imaginary expreſſions; but, in other reſpects, is 
exactly ſimilar to that which has now been given in the 
caſe of the circle. 

Let the co- efficient of. yin the propoſed e equation 


de firſt ſuppoſed negative, that 3 is, let} -&y=Q, and if 
we multiply by EX, 7 deing a. conſtant but indeter- 


minate 8 it becomes YE 82g 6 = = ney. Let 


0 car By be aſſumed for as fluent, A and B being 


indeterminate and let Its fluxion be taken, then, 


ef- unc cis d. 
. C. 3 
Hence, by comparing the terms, we get A=T, A- B=0, 
nB; therefore, ng, and B?: for 1 and B let 


the value + 4 be fi ubſtituted, and for A, its value, 


7 


unity; and the aſſumed equation becomes 7 = 299 c= 


＋ l, or S _ay=c—* : CER Let this equation be 


multiplied by em 2 m being indetermin ate as before, and 
-D w- 


5 


L i/ Pat . d TY e 
: 3 1 Se. : tab 2 i 
. cd. This yalue of. T2 is ſufficient for the con- 4 
ſtruction of the fluent, becauſe the quantities 2 , 


tive, or let LA. 


F ſu=z0-ſos; but = 25 7 — i 7 ſuppoſing that v and 


x vaniſh at the ſame time; therefore v — * vr 


(cs "Qs = 


and fe ca depend on the quadrature of the hyper- 


bola; but if we would introduce into it the ordinates 
and abſciſſes of that curve, we need only have recourſe 
to the foregoing lemma, from which it appears, that 
y== ord. ax ſax abſ. a 2 abſ. ax f ord. ax. 
13. Let the co efficient of 1 y be now ſuppoſed ens 


are introduced into the fluent, and the conſtruction by 
the 


Uu 2 
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eg emry = cine XS T2 c. The fluent of the firſt 
member of this equation is evidently of the form D C*y 

the fluxion of which, VIS. DPS‚πττ D n e TEA being com- 
_ pared with the former gives DPI, and mg-a; wherefore, 


n ſemrny ſevrey, or y can can ſcorgy, 
Let cd, and ca % pa 2 ci ei. N 


In this caſe i imaginary expreſſions 


"a 


1 - * . 8 . l 7 , 7 . 
2 - es 0 i 9 en La * « wy” > ad. en. mes 4 — * * 1 * 1 ” 6 4 ae, 1 — 1 ht - 2" . Pg” o 1 I 1 8 — * WW 2 n g K. ; . Y 2 5 £ om — = a _ 3 * 
* gt . * gs r 5 * —. * : 8 * — 1 | « - . n 7 8 0 E ＋ . * 2 972 » 1 * 15 1 NA bk Gn = de. OE TERS D—_— 0 
90 . . , * 15 * Bs -* ** N . 9 5 . > 
£ . 
* : of » TY A — 4 
A- 1 r e er 0 5 — — 2 — — — - — 
, 2 2 © iD 
: 2 25 — 2 2 * - 2 — | A 
* o 2 PR * _ = — = _ - \ 
K : — IT — bo IE p 8 2 * 8 e = : e * , : — 2 F- * = \ . —_— — 
* - : * . 2 n Y ©, K U * 2 * = . 
. 7 +» . a 1 5 * N Bo Ao . A 0 8 %% "= * o = n 3 
1 by 1 * —- * 8 p 
- — — — 84 b — — — -thel 1 = =_ 
Fe 3 8 0 ”- — 2 — — - 3 l 
p - * — 2 — - 5 — = ot” 7 i 4 - = — k 
— —— - _— : \ - — — 
b bo. 8 1 2 * 7 FP 1 7 —- - — — 
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the hyperbola becomes impoſſible. For we have then, 
#n==av—1, from which, by proceeding as above, we get 


ca ——1 


y= een QXx? hence 
alfo, by the lemma, y= ſin. ax / Qx col. ax 6 


col. ax S Q ſin. ax. Here the quantities, fe Qs col. as 
and A QXx ſin. ax, are afſignable by the quadrature of the 


circle, in the ſame manner as sfe C abſ. an, and 


ff . ord. ax, by the quadrature of the hyperbola; but 


the- method of inveſtigating them, though an illuſtra- 
tion of the principles which we have laid down, is too 
well known to need to be inſerted. here. In like 
8 manner might the fluents of innumerable fluxionary 
— j comprehended under the general form 


e= = + 4 4 +2 7 +8c.bodeduced,and all of them would 
: tend to prove tur the arithmetic of impoſſible quanti- 
ties is no more than a method af tracing the analogy be- 
tween the meaſures of ratios and of angles. NMI. M. 
EULER and D' MEMBER“ were the firſt to integrate ſuch 
equations as the preceding, and the method employed 
here differs from theirs only by bein; 8 better adapted to 
illuſtrate the principle which IS common to them all. 


(8) Nor. Com. Petrop. tom, III. : 57 95 Theorie de la Lune. 
14. The 
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14. The forms in the Harmonia Men/urarum might 
alſo be brought to confirm this theory; but, without 
accumulating inſtances any farther, it may be ſufficient 
to remark two conſequences that follow from it: . That 
the only caſes in which imaginary expreſſions may be 
put to denote real quantities, are thoſe in which the mea- 
ſures of ratios or of angles are concerned. 2. That the 
property of either of thoſe meaſures, ſo inveſtigated, 
might have been inferred from analogy alone. Now 
both theſe concluſions are agreeable to experience. * 
does not appear, that any inſtance has yet occurred where 
imaginary characters ſerve to expreſs real quantities, if 
circular arches or hyperbolic areas are not the ſubjects of 
inveſti gation; and if the concluſion obtained may not be 
transferred from the one to the other, by a mere ſubſti- 
tution of correſponding magnitudes; that is, of ſines for 
erdinates, cofines for abſciſſes, and circular arches for the 
doubles of hyperbolic ſectors. The affinity between the 
circle and hyperbola 1s not however fo cloſe, but that * 


is ſubject to certain limitations, from conſiderin g which, 
the truth of what is here afſerted will be rendered more 
evident. 

1. Any propoſition demonſtrated of hyperbolic ſec- 
tors may be transferred to circular arches by ſubſtitution. 


alone, without any change in the ſigns, when only 
L = rs abſciſſæ 
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abſciſſ and their products enter into the enunciatia, 


and converſely. Thus abſ. @ x abſ. 4 == 3 b 
; 
i and coſ. ax coſ. 522 2. The ſame hold; 


= 2 
when the fiple power of the ordinate is combined with 


any power whatever of the abſciſs: * ſo in the theorems 
ord CL ded —5 


_ [of art. 5. and 4. ord. a x abſ. W and 
ſin. ax coſ. 2 EE, 


. When an expreſſion containing any property of 
: Alke ſectors, involves in it the rectangle of two or- 
dinates, the value of that rectangle muſt have A con- 


oy trary ſign, when a tranſition i 1s made to the circle. Thus 
ab. 22 abf. . 


ord. 4 x ord. $== "OY ; but fin. a x fin, 6: 
{ "aur of 
* _ . — — = The difference which according to 


this rule is found between the powers of ordinates and 


of ſines may be ſeen i in the following examples. II "x 
— , 


denote any hyperbolic ſector, then, by involving 85 


and again ſubſtituting for the exponential quantities a 
in art. 5. we have, = 


ord. 2 * _ abſ. PM * 2 x+ ; 
2 | ord. 
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— ord. gx— 5 x+ 10 ord, x 
ord. * = = 5 ; and univerſally, 


if u be any number; a hs co- efficient of the ſecond 
term of a binomial raiſed to the power , 5 the co- 
efficient of the third, &c. and þ the greateſt co efficient: + 
when u is an even number, 


. _ abſ. nx—o abſ. AKA abſ.. A . 
ord. X — *© 2—1 5 * =” 


but when 7: is an odd 3 


— ord. nx—a ord. n—2xx+bord. e 


ord. x = — w 1 — 


2—1 


If now x denote an arch of a circle, by ſubſtitutin g a 


changing the ſigns as oft as ord. * occurs in any of the 


preceding expreſſions, we get 


160. 2x 


fin. x Stn nk 
5 3 fin. — —— 
An - EE 
— col. 2 x+col. : 
in. * _ 3: a us =, 
— . —5 f "BP: 3 3 
fin. x = 20 fn. — _—_ 21 5, and univerſally, if 


1 be any number, b the greateſt co-efficient of a binomial 


raiſed to the power u, A the co- efficient next leſs than p, 
B the co-efficient next leſs than A, and ſo on: when * 


is an even newer, 


2 427 —4 coſ. 2 * 8 coſ. 4 — S 


22—1 7 
but when z is an odd number, 
fin. x = — þ fin. X—A col. 3++8 coſ. Ce. 


. 


Theſe 
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Theſe ſeries differ from the former only in the ſigns, 
and the arrangement of the terms; and when either y, 
or 1-1, is diviſible by 4, the figns remain the ſame in 
both. 

16. The reaſon of the foregoing rule for changing 
the figns is, that the rectangle under two ordinates to 
the hyperbola is always expreſſed by the difference of 
two abſciſſæ: and that if from the abſciſs belon ging to a 
greater ſector, be ſubtracted the abſciſs belonging to a 
leſs, the remainder will be affirmative; whereas, if from 

the coſine of a greater arch be ſubtracted the coſine of a 
leſs, the remainder will be negative. F herefore, that the 
rectangles, expreſſed by theſe remainders, may have the 

| ſame fign, in both caſes, the ſigns of the remainders muſ 
be different. " 

It appears then, that the ſecond rule, as wall as ; the 

” firſt, is founded on the principle of analogy when taken 

with the neceſſary limitations, and it is likewiſe evident 

7 from the inſtances which have been produced, that thoſe 
rules lead to the very fame concluſions which are ob- 
tained from the imaginary values of the fine and coſine. I o 

There are, however, inſtances in which the analogy iſ 
between the circular and hyperbolic areas being wholly 
interrupted, neither the foregoing rules, nor any of the 

fame kind, can be applied; but this occafions no ambt- 
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guity for the conſtruction required in ſuch caſes is by its 
nature reſtricted to one of the curves only. Of this kind 
js the Coteſian theorem, which requires the whole circle 


to be divided into a given number of equal parts, and 
therefore cannot be extended to the hyperbola where a 
fimilar diviſion is impoſſible. Others of a like nature 
may be derived from the general theorems already in- 


veſtigated; for the circle, by returnin g into itſelf, often 
reduces them to a ſimplicity to which there is nothing 
analogous in the hyperbola. Many examples of this 


might be adduced, but the two following may ſuffice. 


1. Let ABCDE (fig. 5. ) be a regular polygon inſcribed i in 
a circle, and let n be the number of its ſides; it is re- 


quired to find the ſam of the lines FA, FB, FC, &c. drawn | 
from any point F in the circumference, to all the angles 
of the polygon. By the method which in art. 8. was 


employed to obtain the ſum of the ſines of a ſeries of 


arches in arithmetical progreſſion, it will be found, that 


— — 


the ſum of the chords of the arches a, a+X, a+2x, 
. . (1M), that is, (making Aa, and AB=z) the ſum 


of the chords of the arches FA, FB, FC, Kc. = = 


— cho. te 0 a+ mx 25 but, in the pre- 
2&1 — col. 2 eee eee 


ſent caſe, mx is equal to the circumference, and therefore 


cho. a T cho. a (the chord of an arch greater than 
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the circumference being negative); and, for the ſame 


reaſon, cho. a+mx—x==cho. a- X= +cho. x—a. Hence 


cho. a+cho. — = 
the general expreſſion becomes 1 — r A+FB4 


rc. . (). If therefore Gk be Kan from the 
center, biſecting the chord AB in k, and meeting the 


circumference in K, the ſum of the chords, that i 5 


Ar FB 
FE-- 


FA+FB+FC+FD+FE =: x GK. 
2. Let 7: be an even number, the reſt remaining 28 


above, an and let it be required to find the ſum of the 


— 2 — "a 
powers of the chords, that i Is, the ſum of FA +FB +FC 


"6-4-8 @ (). By reaſoning, as in the caſe of the ſines, 
it will appear that, if þ be the greateſt co-efficient of a 
5 binomial raiſed to the power Nn; A the co efficient next 
; leſs than p; B the co-efficient next leſs a. and fo on, then, 


2 a =p—2A col. 414 col. 225 col. za+ Gor: 


bo, e =þ—2A col. aÞ+x+23 col. 2 FHD col. FED, 9 &e, 


cho. a E=p—24 col. Pan coſ. 2X TA aD col. 3 Par, &. 
VC. 


Each of theſe vertical columns 1 is to ks continued down- 


ward, till the number of terms be equal to mn, and there- 
fore the ſum of the ſecond is 22 p. The ſum of the third, 


or of <> ar coſ. a+x+col. a+ 2x 1 (ui), by 


col. a—cof. a+mx—col. a—x-+col. 2 - 
£ 2XI—col.x 
(becauſe c the circumference). 


* 
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i 


col. — a—colſ. a—x+col. — ; , 3 
1 a e N 20. In like manner do 


the ſans of all the fubſequent columns vaniſh; and 


therefore, cho. a cho. a+ax+cho. a+ „ (n) mp. 


2n+1. \ 272 


hen is an even number =; » 
But W „P *—1 N 1 


I. 3. 7 2 2 — b i i 

ee If therefore the radius be put 
=7, and the — made homogeneous, we have 
— — 7 —y FRE 
FA +FB Tre. G n cke x 2 . 
. . 


This laſt coincides with the forty-firſt of the curious 
under the title of general theorems: it is given there 


been inveſtigated, in a manner altogether rigorous, by 
that profound geometer. It may therefore be regarded 5 
as one of the inſtances, in which the concluſions of this 
imaginary arithmetic are verified by the geometrical 
analyſis, 
17. The two foregoing propoſitions being confined to 
the circle, and yet having been inveſtigated by the helpof 
imaginary expreſſions, may, at firſt ſight, ſeem excep- 
tions to the rule, which we have been endeavouring to 
eſtabliſh. But it needs only to be remarked, that they 
are particular caſes of certain theorems belonging both 
X x 2 — 0 


and difficult propoſitions publiſhed by Dr. STEWART, 


without A demonſtration, but appears plainly to have - 
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to the Mrcle and hyperbola, and that it was into the in, 
veſtigation of thoſe es; that the i imaginary expreſ. 
ſions were introduced. 

The concluſions therefore. from the whole are theſe; 
that i imaginary expreſſions are never of uſe i in inveſtiga 
tion but when the ſubject is a property common to the mea. 
ſures both of ratios and of angles; that they never lead 
to any conſequence which might not be drawn from the 
affinity between thoſe meaſures; and that they are in- 

deed no more than a particular method of tracing that 
affinity. The deductions into which they enter are thus 
reduced to an argument from analogy, but the force of 
them is not diminiſhed on that account. The laws to 
which this analogy is ſubject; the caſes in which it i 

perfect, in which it ſuffers certain alterations, and in 
Which it is wholly interrupted, are capable, as may be 
concluded from the ſpecimens above, of being preciſely 
aſcertained. Supported on ſo ſure a foundation, the arith- 
metic of impoſſible quantities will always remain an uſe- 
ful inſtrument in the diſcovery of truth, and may be of 

ſervice when a more rigid analyſis can hardly be applied. 
For this reaſon, many reſearches concerning it, which in 
themſelves might be deemed abſurd, are nevertheleſs not 
deftitute of utility. M. BERNOULLI has found, for exam- 
ple, that if 7 be the radius of a circle, the circumference 
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32 
conſidered as a quadrature of the circle, this imaginary 
theorem is wholly inſignificant, and would deſervedly 
paſs for an abuſe of calculation; ; at the ſame time we 


learn from it, that if in any equation the quantity 


— bp 7 ſhould occur, it may be made to diſappear, by 


; and the ſame may be deduced from art. 5 


the 11 ubſtitution. of a circular arch, and a property, com-- 
mon to both the circle and hyperbola, may be obtained. 
The ſame is to be obſerved of the rules which have been 
invented for the transformation. and reduction of. impoſ-- 
ſible quantities : they facilitate the operations of this 
imaginary arithmetic, and thereby lead to the knowledge 7 
of the. moſt beautiful and extenſive analogy which the 
doctrine. of quantity has yet exhibited. 


io 0 The rules chiefly referred to are thoſe for r reducing the impoſſible. r roots 
of an equation to the form AFB —1. 


L 344 3 


XVII. Refections on the Communication of Motion by Ini 
pads and Gravity. By the Rev. Iſaac Milner, M. 4 
Fellow of Queen's College, Cambridge. Communicated. 

by Anthony Shepherd, D. D. F. R. S. and Plumian 
Profe Vr at . 


Read Feb. 26, r HE ey 0 of moving bodies v Was little 
ä . underſtood by the philoſophers who 
lived i in the fixteenth century. They obſerved, that a 
body, once put into motion, continued to move for ſome 
time after the force was impreſſed; but they argued very 
ſtrangely from this ordinary phznomenon. Far from 
conſidering the air as a reſiſting medium; they ſuppoſed 
with ARISTOTLE and the ancients, that it was the perpe- 
tual influx of the parts of the atmoſphere which con- 
tinued to urge the body forward and preſerve its motion. 
When a body 1 18 projected in any direction inclined to the 
horizon, the gravity of its parts is always obſerved to 
bend the direction of its motion into a curve line; and 
becauſe this gravity remains invariably the ſame, what- 
ever the force of projection be, in very ſwift motions, the 


figure deſcribed may approach very nearly to a right line. 
This 


118 
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This laſt circumſtance induced ſome of the philoſophers 
we are ſpeaking of to believe, that a cannon ball, for in- 


ſtance, always moves in the ſame ſtrait line till its velo- 


city is entirely deſtroyed; and that afterwards it deſcends 
towards the earth in a direction perpendicular to the ho- 
Others thought they mended the matter by ſuſ- 


rizon. 
pending the action of gravity for a certain period only; 


by allowing the latter part of the path to be curvilinear; 


and laſtly, the body to deſcend to the earth in a ftraight 


line, as in the former caſe. We, 1 in theſe days, who have e 


ſeen the gradual improvements in mechanics from time 


to time, are not ſurprized, that men, in the infancy of 
that ſcience, ſhould have embraced abſurd and ridiculous 
principles: we rather wonder, how the author (Jof the 
notion juſt mentioned was able to form any juſt eſtimate | 


of the horizontal ranges of projectiles, and to diſcover 
their maxima. 
of induction, we are unable to determine; but ſo it WAS, . 
TARTALEA affirmed, what has fince been found true upon 

unexceptionable evidence, that the amplitudes of pro- 
jectiles upon the horizon are always greateſt when the 


angles of projection are equal to 45% But the praiſe of 


this diſcovery, as well as whatever elſe relates to the ac- 


celerated motions of bodies near the ſur face of the earth, 


(a) NICH, TARTALEA. 
is 


Whether by conjecture, or probability 
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3s juſtly due to the incomparable GALILEO. The theory 
of mechanics had received no conſiderable improvement 


Tince the time of ARCHIMEDEs, when this ſurprizing ge- 


nius appeared in the former part of the ſeventeenth cen- 
tury. He diſcarded the peripatetic philoſophy; ; explained 
the whole doctrine of accelerated motion and of projec- 
tiles: in a word, he ſo much exhauſted the ſubject, that 
the beſt treatiſes we have at this day are little more than 


A repetition of GALILEO's diſcoveries. 

This philoſopher, as far as we know, never attemptel 
2 inyeſtigate the laws by which motion is communi- 
cated from one body to another. The celebrated DES 


CARTES is the firſt we hear of who gave any attention to 


the ſubject; and the reſult of his enquiries is what might | 


a reaſonably be expected from ſo whimſical and ron antic 
a genius; he blundered in this, as in all other cafes, 
: where he was not confined to pure mathematical rea- 
ſonin gs. Our countryman, Dr. WALLIS, made a real pro- 
5 greſs in this ſcience, by diſcovering that fundamental law 
in the communication of motion, vig. that action 1s equal 
to re- action, and always in contrary directions: wi 2 
HUYGENS, confirmed the ſame thing; and the whole 
theory of the colliſion of bod s, and their mutual actions 


upon one another, ſeemed to be advancin g fait towards 


perfection. 
But 
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But a new opinion was now ſtarted by M. LEINI TZ 
concerning the forces of bodies in motion. The force of 
a body in motion and its momentum had hitherto been 
conſidered as ſynonymous terms, and had alike been mea- 
 fured by the quantity of matter and velocity conjointly. 

On the Onyx | LEIBNITZ and his ee affirmed, 
n the moving tody and the ft of its EY It tis 
needleſs to relate all that paſſed on both ſides: ſo ma- 
terial an oppoſit tion in ſentiment neceſſarily produced 

very warm contention; and, as it generally happens i in 
other diſputes, we do not hear of any conviction being 
produced on either ſide. . 
Alfter ſurveying the arguments of the diſputants, it is 

not eafy to ſay, whether the agitation of the queſtion 
before us has contributed to retard or advance the Pro- 


genious experiments have been made, many curious pro- 
lems invented and reſolved, which probably would 
never Once have been thought of by men who were in 
me purſuit of truth in a more cool and deliberate way: 
end, on the other hand, it may juſtly be affirmed, that 
the violence of prejudice and party-ſpirit has ſo much 
clouded the reaſonings of the beſt writers, that we ſenſi- 
bly feel their influence to this day. I need not diſſemble: 
zut ] VOI. LXVIII. *Yy It 


rreſs of trath and ſcience. On the one hand, many in- . 
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it is a ſerious perſuaſion, that the laws by which motion 
is communicated are ſtill very materially miſtaken by 
ſenſible perſons, that induced me to throw together the 
following hints, and to lay them before the Royal $0. 
ciety. The right underſtanding of theſe laws i is of the 
laſt importance in practice: the good or bad ſucceſs of 
ſome very expenſive projects has depended upon it; and 
certain excellent artiſts have been diſappointed in the 
execution of their plans, and unable to reconcile the ap- 
parent contradiction between theory and experiment. 
From the length of time, which has elapſed ſince LEIB- 
NITZ firſt advanced. his new opinions, and the abilities of 
the philoſophers who engaged in the conteſt, one might 
have expected, that the whole matter would long before 
this have been cleared up in a ſatisfactory manner; eſpe- 
cially when we conſider, that the communication of mo- 
tion from one body to another is what every moment 
| happens before our eyes, and that particular experiments 
are made in this doctrine with the greateſt ſimplicity and 
: convenience. This part of rational mechanics however 
is not yet generally underſtood, as we may fairly pre- 
ſume from the difference of opinion which ſtill ſubſiſts 
among the learned. I freely own, it appears to me, that 
no new experiments are wanting; no new geometrical 
reaſonings or conſtructions: the improved parts of geo- 
metry} 
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metry have been already applied to the theory of motion 
in numberleſs caſes, and a variety of well atteſted expe- 


| riments have been clearly explained to us by authors. 


The laws of motion, in certain caſes, are inconteſtable, 
and no author of eminence contradicts them: it is from 
a miſtaken application of theſe laws that a difference of 
opinion has ariſen. It i is obvious, that the laws of motion, 
as deſcribed by Sir isAAc NEWTON, may, in a certain 
fenſe, be founded on experiment; and yet, if they are 


extended to caſes where they cannot be applied, the con- 


duſions muſt Kill be erroneous. My deſign in theſe 
pages is to point out diſtinctly what is real in this dif- 


explain the cauſes of it. This, which perhaps will ap- 


pear to have never been done with ſufficient preciſion, 


ſeems to be the moſt effectual way of preventin g miſ— 
takes. Geometry and algebra will lead us wrong, if our 
principles are ill founded: experiment itſelf, if we are 
not extremely careful, will deceive us in formin; ga ge- 
neral deduction, or what i 18 called a law of nature. The 
controverſial writings of the moſt able authors will em- 
barraſs and perplex our judgements; : but when we have 


ence diſcovered the grounds of their mutual miſtakes : 


and mifapprehenſions, there 1 is reaſon to think, that we 
7 7 2 | ſhall 


ference of opinion from what is merely verbal, and w. 
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fhall both underſtand the ſubject better than we did be. 
fore, and be more on our guard for the future. | 
The firſt law of motion, as expreſſed by Sir 184ac 
NEWTON, is unexceptionable: nobody denies that a body 
perſeveres I in a ſtate of reſt or uniform motion in a right 
line, till affected by ſome external influence. It is the 
third law of motion which has produced all this confu- 
ſion and perplexity. © Actioni contrariam ſemper et 
0 æqualem eſſe reactionem: ſive corporum duorum ac- 
* tiones in ſe mutuo ſemper zquales et in partes con- 
« « trarias dirigi.“ Theſe words of Sir Is AAc NEWTON 
_ convey to us as clear an idea as can poſſibly be conceived 
with ſo much conciſeneſs. It muſt however be confeſſed, 
that his illuftration i is not to very perſpicuous To fay, 
that when a man Preſſes a ſtone with his finger, his fin- 


; ger is equally preſſed; and when a horſe draws a ſtone 
| by a cord, the horſe 1s drawn equally backwards towards 
the ſtone; is a moſt indiſtinct and popular way of ſpeak- | 
ing, and can never make evident what Was before not 
underſtood. 


(2) Quicquid premit vel trahit alterum, tantundem ab eo premitur vel tra- 
hitur, Si quis lapidem digito premit, premitur et hujus digitus a lapide. di 
equus lapidem funi alligatum trahit, retrahitur etiam et equus (ut ita dicam) 
æqualiter in lapidem: nam funis utrinque diſtentus eodem relaxandi ſe conatu 
urgebit, equum verſus lapidem, ac lapidem verſus equum; tantumque impediet 
progreſſum unius quantum Promovet progreſſum alterius, Kc. NEWTON Princip. 


Some 
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Some uſeful writers, who have copied after Sir is AAc 
' NEWTON, have talked in the ſame way; and only in- 
creaſed the ambiguity by being more diffuſe. Mr. MAC- 
LAURIN himſelf, who engaged very warmly in this de- 
bate with the foreign mathematicians, and who, to ſay the 

truth, ſeems to have underſtood the nature of the con- 
troverſy better than any one elſe, is frequently unguarded 
in his expreſſion. In chap. II. book 2. of his account of 
vEWTON's diſcoveries, he is deſcribing the laws of motion 
for the firſt time, and one naturally expects a more than 
ordinary preciſion and exactneſs. There he blames, 
very juſtly, the oppoſers of the Newtonian definition of 
motion for miſtakin g the direction in which the motion, = 
loſt or communicated, ought always to be eſtimated. But | 
in p. 122, he thus expreſſes himſelf: When tw 
© bodies meet, each endeavours to perſevere } in its Rog 
© and reſiſts any change; ; and becauſe the change, which - 
* 1s produced i in either, may be equally meaſured by the 
* action, which it exerts upon the other, or by the re- 
" ſiſtance, which it meets with from it, it follows, that 
* the changes produced in the motions of each are 
* equal; but are made in contrary directions.“ I cannot: 
poſſibly conceive, that ſo ſkilful and accurate a philoſo-- 
pher could believe, that the third law of motion was an 


(c) OQavo edition. 
7 . inference. 


— 
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inference of reaſon, excluſive of all experiment; and 
yet, if words have any meaning at all, the above quota- 
tion inclines us to think ſo. It is true, the change which 
18 produced in either body may be meaſured by the 
action which it exerts upon the other, or by the reſiſt- 
ance which it meets with from the ſame: but what are 
we to underſtand by action or reſiſtance, until they are 
explained by more intelligible terms? or, when they are 
explained by terms which do not neceſſarily imply the 
ſame thing, how do we know that their meaſures are 
equal, or that they are made in contrary directions, uritil 
_ theſe truths be eſtabliſhed by experiments? A law of na- 
ture is not merely a deduction of reaſon: it muſt be 
proved, either at once and directly, by ſome ſimple and 
deciſive experiments; or if that cannot be done, by ſuch 
experiments as enable us to collect its exiſtence by the 
aſſiſtance of geometry. However obvious theſe reflec- 
tions may appear, I thought it neceſſary to take notice of 
MACLAURIN'S aſſertion; becauſe in conſequence of that 
and ſimilar expreſſions, young philoſophers are ex- 
tremely puzzled i in the beginning of their ſtudies, and 
becauſe I have known ſome, who are more experienced, 
_ affirm, that the third law of motion is nothing more 


than a definition. I now proceed to the conſideration of 
particular caſes. 


CASE 
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CASE THE FIRST. Suppoſe A and B to repreſent the 
magnitudes of two ſpherical bodies, and @ and 5 their 
reſpective velocities in the ſame direction; ſuppoſe a to 
he greater than b, and à will overtake B; and if the bo- 
dies are non-elaſtic, they will proceed together in the 


353 


fame direction as one mals : if they are perfectly elaſtic, 


whatever effect has already been produced by the colli- 
fon, will be repeated; and, becauſe in the firſt caſe there 

1s no relative velocity after the ſtroke, in the ſecond the 
relative velocity before and after the ſtroke will be the , 
ſame, and in contrary directions; and in either caſe, the: 
motion loſt by the ſtriking body is found to be always | 
equal to the motion communicated to. B, and i in a con- 
trary direction. In this ſenſe action! is equal to rec action; 
and every experiment which has yet been produced, 5 
where a clear judgment could be formed of the effect, 
has confirmed the ſame thing. All the experiments 
which are uſually brought to determine the impreſſions 
made upon ſoft bodies, as ſnow, clay, &c. are abſolutel * 


unfit. for the purpoſe. 


can never diſcover. 


The circumſtances, which take | 
place in the production of theſe effects, are ſuch as we 
The directions in which the parti- 
cles recede, the velocities they acquire, their mutual ac- 
tions upon one another, and laſtly, the time, in which 
theſe effects are performed, are all beyond the reach of. 
compu--- 
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computation. The other principle, that the relative ve. 


may be demonſtrated 
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locity of A and B is not altered by the ftroke, is neither 


to be demonſtrated nor confirmed by experience; it is 
direct conſequence of the definition of elaſticity. Again, 
ſuppoſe a and g to repreſent the reſpective velocities of 


A and 8B after the ſtroke, and from theſe dara it is eafily 


inferred, that Ac ＋ B G* AA +Bb*: for a—b 18 equal to 
-a, becauſe ab is the relative velocity before, and 
-a the relative velocity after, the ſtroke. And Aa. Bb 


is equal to Ax + 865 becauſe theſe quantities repreſent the 


ſum of the motions before and after the ſtroke reſpec- 
tively; and from theſe equations the above equation i 
deduced, ſhewing, that in elaſtic bodies the ſum of the 
two bodies multiplied by the ſquares of their abſolute 


velocities, i is not altered by the ſtroke. 
The ſame theorem FORD 


'B 4 2 


geometricaliy in the following manner. Let the veloci- 


ties of A and B be repreſented by ap, AB, reſpectively; 
and let G be their center of gravity, when placed at 3 
and o; the velocity of a after the ſtroke will be repre- 


ſented by Bg, if 6g be taken equal to 6D, and the velo- 
city of B by AB 236. From the nature of the center of 


gravity Ax GD=B x BG, and Ax 0x 4 ANSRx BOK 44 


B * 


language, i is entirely another queſtion, We may go far- 
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— —— 


3450 + 4BG x AB. Add to both ſides ax Ag +BXAB", 


| and we ſhall have ax AD! B ABL AX Ag” TBN AB+2BG*. 


We are not to wonder, therefore, upon making trials 


with perfectly elaſtic bodies, if any ſuch exiſted, were we 
Aways to find their vires vive, as the foreigners expreſs 
themſelves, neither increaſed nor diminiſhed by the 


ſtroke. They define the force of bodies in motion, or 


their vis viva, to be in a compound ratio of their quan- 


tities of matter, and the ſquares of their velocities; and | 

ertainly ſuch a definition implies no contradiction or 

impoſſibility. The term force, in a looſe and ordinary 
way of ſpeakin g, conveys to us no determinate idea at 
all, and therefore, until it be defined, is incapable of 
bring uſed to any good purpoſe in philoſophy : whe- 
ther this or that definition come nearer to the general | 
ſenſe in which it is uſed indiſtinctly enough in common 


ther, and add, that in their uſe of the words, becauſe the 
ſum of the forces of elaſtic bodies is never affected by 
the ſtroke, it is not unnatural to ſay, that action! 18 there 

fore equal to re- action, and that no force is loſt by one 
body but what is communicated to the other. But if we 
vill go ſo far, and thereby change the meaning of the 
terms action and re- action and their meaſures, we ought 
at leaſt to guard our readers from miſtaking us, however 
Vo L. LXVIII. 322 convenient 


5 will appear in a ſtill ſtronger light, if we conſider the ſo- 
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convenient ſuch modes of expreſſion may appear. Re. 
cauſe Aa 6 is equal to Aa B07, it is true that no force 
is loſt by a but what is communicated to B; but not in 
the ſame ſenſe in which it was affirmed that no motion 
is loſt by a but what is communicated to B. In that caſe 
the ſquares of their abſolute velocities are underſtood; in 
this, their velocities reduced to the ſame direction. How. 
x ever, no material ul conſequence can poſſibly ariſe from 
: ſuch a notion of action and re- action, as long as the queſ- 
tion is ſuppoſed to concern only elaſtic bodies: : but real 
miſchief i is done, and the debate ceaſes to be verbal, 
whenever the law of the equality of action and re- action 
is ſaid to take place in the colliſions of all ſorts a 
bodies. 
CASE THE SECOND. But the truth of theſe remarks, 
and the neceſſity of attendin g to the preciſe uſe of terms, 


| lution of a problem given us by ]. BERNOULLI, / 
Suppoſe that two equal and ſpherical bodies „A and Z, 
ſtruck at once in the direction CD perpendicular to the 
line joining the centers of A and B with a velocity repre- 
ſented by a. Let the quantity of matter in o be called 
m, and the quantity of matter in A or B, : let the velo- 


(4) Diſcours ſur le mouvement. 


-— | city 


of motion before the ſtroke is equal to n += 5 2, , the 


by the colliſion; he eaſily finds x=X 5 = N 5 8 


_2þqma 
| vm+29n* 


There is no problem which deſerves to be more con- 
| WW fidered than this by a perſon deſirous of having a clear 
222 | idea 


. I ITT oe oo 


r 


— 2 a . g 
r * 
K - 7 + rr 


cty of c after the ſtroke be repreſented by x, ad that of : 
A or B in the direction AC or CB by y, and ſuppoſe 


bp: q: : rad. : coſin. LCD. Then, becauſe ma the 2 


quantity of motion after the ſtroke, and mA is equal to 
mex νε n, becauſe the quantity of force is not altered 


and y = 


2 —ü—B . —— — 
, woos Ys 
- Py D . - - a f 185 2 
8 4. Chi i oe 
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idea of the grounds of that contention which has ſub. 
ſiſted ſo many years. We here ſee BERNOULLI taking it 
for granted, that the quantity of force in elaſtic bodies is 
no ways affected by their mutual actions, whether direc 
Or oblique; and the moſt ſurprizin g circumſtance is, that 
ne ſhould not ſo much as hint at any apparent difficulty 
in the preſent caſe, after he had been ſo very diffuſe in 
illuſtrating others which were much more ſimple. No 
doubt he believed this principle to be a direct conſe- 
quence of the equality of action and re- action, and there- 


fore it is plain he could not mean the ſame things by thoſe 


terms as we do at preſent. He believes no force is gained 
or loſt by impact; he defines force by quantity of matter 
and ſquare of the velocity conjointly ; and in eſtimating 
the velocity, he pays no regard to the direction in which 
the bodies are moved. Let us not cavil at his words: we 
cannot miſtake his meaning. The queſtion is, how far 
theſe notions are agreeable to experience; how far they 
are confiſtent with ſome other principles which are in- 
conteſtable, and which he himſelf has admitted: for 1 in- 
ſtance, he admits it as an undoubted principle, that the 
quantity of motion in any ſyſtem of bodies is preſerved 
invariable, when eſtimated in a given direction, in all 
their collifions and mutual actions upon one another; 
and in this he entirely agrees with the followers of Sir 
15440 
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BAA NEWTON. Let us attend to the conſequences of 
theſe two different principles in the very caſe propoſed 


by J. BERNOULLI. And firſt, becauſe masgmæ 21 3 


by tranſpoſition we have m x a-& = 2 „which is ſaying 


"P 
no more than that the motion loft by c is equal to the 
ſum of the motions gained by à and B, eſtimated in the 


fame direction o. By a ſimilar proceſs from the ſecond 


% 


equation, we deduce m x A+X x a- 21; and there- 


fore the compariſon of the two equations gives 232 


5 
The quantity y therefore, or the velocity of A or B after 


the ſtroke, muſt neceſſarily be equal to the ſum of the 


tro quantities 7 and 74 In the figure, let CD repreſent = 
the velocity of C before the ſtroke, and ch the velocity 
after i it, and let fall the perpendiculars Hu, DL, UPON the 


direction Ae. I 5 appears, that Cn is equal to 


; and CL equal to © becauſe cu : CN :: CD: CL::rad.: 


SF 
col. LCD :: 9 P. 3 now the whole controv erſy i is re- 
duced j into a narrow compaſs; for whether the two prin- 
ciples aſſumed by this author be conſiſtent with experi- : 
ed ence or not; it is impoſſible they ſhould be conſiſtent 
all with one another, unleſs el. ſhall be found to mea- 
er; ¶ {ure the velocity of A in the direction . Suppoſe c to 
Sic ¶ be the velocity of c after impact, when all the bodies are 


A EY perfectly 
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perfectly hard, and letting fall the perpendicular rs; e: 
will be the velocity acquired by A in that caſe; and, uni. 
n the velocity acquired by a will be equal to 
CS+ 555 - if the elaſticity of the bodies be to perfect elaſticity 


as 1: m. In order to determaine, therefore, when C1 +CL 


can poſſibly be equal to C $+- — Is or, which is the {ame 
thin g,LS+C1 equal to - — we are to conſider that 75:15: 
1: : and becauſe Cn i is equal to cen, CH=C5- = 


and it is obvious that ou can never be equal to 


=, unleſs m be taken equal to unity, and BERNOULLI 


hypotheſis is plainly impoſſible ; in all caſes where the 
bodies are not ſuppoſed perfectly elaſtic. 
But though we confeſs the learned author, who firſt 
ſolved the problem we have been conſidering, deſerves 
no commendation for propoſing in a general form what 
ought to have been reſtrained to a particular caſe, yet it 
will by no means follow, that every argument which has 
been advanced againſt this doctrine is either intelligible 


HT . ſatisfactory. Of all the objections and experiments 


which have been ftarted and contrived to refute the 
new opinions of the German philoſophers, there is none 
which carries a greater degree of plauſibility along with 
it, than a celebrated invention of Mr. MACLAURIN. It 1s 

= 7 extremely 
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extremely ſimple, eaſy to be deſcribed; and I do not find 
that it has ever been anſwered by any of the advocates 
for the new doctrine of forces. 
Let A and B be two equal . 
« bodies that are ſeparated from | 
« each other by ſprings inter- | 
& poſed between them, in a bs 
* ſpace | EFGH, Which in the E 


(6 mean time proceeds uniformly ; in the direction BA (in 
« which line the ſprings act) with a velocity * 13 and 
* ſuppoſe that the iprings impreſs on the equal bodies * 
4 and B equal velocities, in oppoſite directions, that are 

© each as 1. Then the abſolute velocity of A (which 
© was as 1) will now be as 2; and according to the new 

« doctrine its force a8 4: whereas the abſolute velocity 
« and force of B (which was as 1) will now be deſtroyed; 
" « 0 that the action of the ſprings adds to à a force as 3» 
* and ſubducts from the equal body B a force as one 
v only; and yet it ſeems manifeſt, that the actions of the 
, fprings « on theſe equal bodies ought to be equal, and 
M. BERNOULLI expreſsly owns them to be o. ſhall 
only juſt obſerve, that if M. BERNOULLI expreſoly owns, 
tat ſprings, interpoſed between two bodies in a ſpace, 
hich is carried uniformly | in the direction in which the 


(e) Book II. chap. 2. Account of NEWTOR's een e —.—.— 
fort ngs 


362 Mr. MILNER on the Communication of 
ſprings act, will always generate equal forces in the bo. 
dies according to his own definition of that term, he talk 
more inconſiſtently than I have obſerved him to do: on 
the contrary, if I could find that he has anſwered this 
famous argument (which Dr. juzNn propoſed over again 
in Phil. Tranſ. vol. XL III. with a conditional promiſe of em- 

| bracing the Leibnitzian doctrine) by fimply ſavin g. that 
ſprings he conſiders as motive forces, or, when the bodies 
e equal, as: accelerating forces; and that their actions 
© are equal, when in equal times they generate equal velo- 
cities, but not neceſſarily equal forces, in the equal bo- 
dies; I ſhould not make the leaſt We to own that! 
thought his reaſoning ſolid and concluſive, and his diſ- 
tinctions a full anſwer to every objection of that ſort”, 
CASE THE THIRD. The t two preceding caſes are cu- 
rious examples of the force of prejudice and party-ſpirit. 
In the latter n, it does not appear nt J. 7 BER- 
(f) No doubt MACLAURIN refers to the following lee of BERNOULLI, 

60 La force du choc, ou de action des corps les uns ſur les autres, depend unique- 
c ment de leurs viteſſes reſpectives; or il eſt viſible que les viteſſes reſpectires 
440 des corps ne changent pas avant le choc, ſoit que le plan ou Peſpace qui les 
© contient ſoit ſans mouvement, ſoit qu'il ſe meuve uni formement, ſuivant une 
% direction donnce, les viteſſes reſpectives ſeront done encore les memes apris 
© le choc.“ 
This quotation puts the matter r beyond difpute. It is plain, BERNOULLI 
though he does make uſe of the word action, i is only ſpeaking of the motion loſt 


or communicated, and the relative velocities of the bodies: there is not the 
moſt diſtant hint at the change in their delete forces. | 


NOULLI 


- 7 7 2 * — 
9 . 
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xOULLI knew. the preſervation of the vires vive to be an 
infallible conſequence of perfect elaſticity in bodies; or 
indeed that he had any other reaſon for taking that prin- 
cple for granted, but becauſe he was not able to prove it. 
All the inſtances that are uſually brought on both ſides 
are to be treated in a ſimilar way. The meaning of the 
terms muſt firſt be defined; then the principles afſumed 
explained; and if we cannot tell at firſt ſight, whether 
they are agreeable to experience or not, as is frequently 1 
the caſe; we muſt examine into their conſequences by 
the aſſiſtance of geometry, and we ſhall at laſt arrive at 
ſome ſimple principle, the exiſtence of which i is neceſ- 
ſarily implied ; in the original hypotheſis. The collifion 
of ſpherical bodies! is the moſt ſimple way of communi- 
cating motion from one to another; and therefore ſuch 
examples are better adapted to throw light on a diſputa- - 
ble queſtion, than where the f uppoſitions are more per- 
plexed with mechanical contrivances. Beſides, when the 
theory of mechanics is well underſtood, and the founda- 
tions of error diſcovered, the ſame reaſonings are eaſily 
transferred to other caſes, and ſimilar precautions applied. 
Indeed practical artiſts have little to do with the ſudden 
communication of motion by impact. The colliſions of 
bodies are too violent operations to enter into the com- 
VoL. LXVIII. — — Poſition 
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poſition of uſeful machines, in which motions are rather 
to be preſerved by the gradual effects of weights and 
preſſures. An accurate knowledge therefore of theſe 
effects is more eſſential to the intereſts of ſociety; * and 
the only way of arriving at ſuch a knowledge i 18 always 
to diſtin guiſh thoſe principles which nobody denies, 
from thoſe others which are found to take place only in 
ſome particular circumſtances. The following problem 
was propoſed, and a ſolution given to it _ ago, by 
D. BERNOULLI 0. 


(8 ) Comment, Petrop. tom. Il. 


te Sit 


Motion by Impact and Gravity. 365 


B 


* BA, cujus centrum 


“ git grave aliquod 
ce cujuſcunque figure 


« gravitatis ſit p; ex quo 


d et radio p deſcriptus 
e intelligatur circulus 


* MNP, cui filum cir- 


5 cumvolutum eſt PMN, 
« cujus fili extremitati 
6 * appenſam ſit pondus 


"Us quod deſcenſu ſuo 


* grave CBA in gyrum 


6 agit circum centrum 


* gravitatis D, dico velo- 
4 citatem corporis Q ſe- 
64 quentem in modum 
> * determinari poſſe. Sit 
MD a4; conſideretur 
© corpus ſuſpenſum ex 
£ puncto M oſcillari, eſſe- 


« que centrum oſcilla- 
60 tionis in o, ſitque 


" DO= b, pondus gravis totius CBA=P, pondus corporis 
appenſi p; altitudo ex qua corpus Q delapſum eſt R; 
altitudo queſita per quam grave aliquod cadendo ac- 
Aa a 2 « quirere 
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4quirere poſſit velocitatem corporis Q=2; dico fore $- 
8 

ap+be? 
m altitudinem R dicatur 7, erit tempus inſumptum a cor- 
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et fi tempus quo corpus naturaliter cadit, per 


cc 


„ id quod experientiæ conforme eſſe 
18 plutieis intitutis — ſemper inveni.” 
Both theſe concluſions are derived by this author from 
the principle, which they call the conſervatio Dirium vi- 
darum; but as he has not given us the ſeveral ſteps of 
his reaſoning, it may be uſeful to ſupply them here, be- 
fore we proceed to make any remarks upon his ſolution, 
And firſt, ſappoſe the axis at D to be perpendicular to the 
plane of the figure, and conceive the whole body to be 
reſol ved into an indefinite number of priſmatic Particles, 
each of which i is perpendicular to the ſame plane. Let 
E repreſent the ſum of all the particles multiplied by 
the ſquares of their reſpective diſtances from the axis; 
and E ſhall be equal to p x ab, as is demonſtrated by al 
the writers who treat of the center of gyration. Leto 
be the velocity which! is actually acquired by Cafter it has 
deſcended through the ſpace R; v the velocity which i 
would have acquired by the ſame deſcent, provided the 
body had fallen freely by its gravity; and becauſe the 
V!res Vive are incapable of diminution or increaſe, we 

| have 
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Paby* 


have p V= . For ſince v 1s the velocity of Q 


at a certain period of its deſcent, and is to the velocity 
of any priſmatic particle in the body as the diſtance p 
| from the ax1s to the diſtance of that particle from the 


3 . | pPahbs”- -. 5 | 
ſame, it is evident that — — will truly repreſent the ſum 
of all the particles multiplied by the ſquares of their ve- 
locities. vV* is therefore to v' as aþ+bP to ap, and the 


whole force of gravity is to the force which accelerates 
the motion of Qin the ſame ratio, becauſe in uniformly 
accelerated motions, when the ſpaces deicribed are the 
lame, the accelerating forces are in the quplicate ratio of 
the velocities. It is obvious, that the motion of Q is uni- 
formly accelerated, becauſe the velocity acquired by any 


deſcent i is to the velocity of any point in the body always 


in the ſame ratio; and therefore the action of Qupon the 
body is the ſame as if both were at reſt. Farther, the | 
altitude Po through which a heavy bod y muſt fall to ac- 


for the 


quire the velocity d is plainly equ al to NN. . 


altitudes 2 and R are inverſely, as the forces which gene- 
rate the equal velocities. Laſtly, the time of Q's deſcent 


IS equal to 7 x NEE «th becauſe the times arc always in 


the ſub-duplicate ratio of the {paces — Ys and forces 
inv er ſely. 


It 


* ow 3 ” 
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It 1s now extremely ealy to trace theſe expreſſions 
back again in a contrary order, and to ſhew, that if theſe 


laſt equations are true, the original one muſt be true alſo; 
IT 


that pxv* muſt neceſſarily be equal to - + b, or, 
which is the ſame thing, that the body in into 
the ſquare of its velocity, and added to the ſum of all the 
products which ariſe by multiplying every particle into 
the ſquare of its ref] pective velocity, is equal to the body 

Qmultiplied by the ſquare of the velocity which it would 
have acquired by the ſame deſcent i in vacuo. 

No this is to give the argument its full force; and 
ſince the concluſions are confirmed by repeated experi- 
ments, as the author himſelf aſſures us, it is preſumed, 
| that the premiſes can be liable to no juſt exception. If 

we do not think with the advocates for this doctrine, that 

the vires vive muſt always remain the ſame from the 
thing itſelf, they will force our aſſent by the teſtimony of 
| experience, and oblige us to admit their principles when 
we find it impoſlible to deny the conſequences. 7 
A prudent philoſopher i is alw ays afraid to pronounce 
generally concerning the exiſtence of cauſes, which are 
attended with a variety of circumſtances, and are com- 
plex in their operations. To ſay that the quantity of 
force in bodies remains invariably the ſame, ſeems to be 


a propo- 
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1 propoſition of this kind. The mutual actions of bodies 
| upon one another, eſpecially when their gravity 1s taken 
into the queſtion, depends upon ſo many conſiderations, 
and the caſes which may be put are capable of ſuch an 


infinite variation, that it is impoſſible almoſt to draw a 
general inference of this nature. Even when experi- 


r woe; 4 G > . | - 
. 5 n — „ 
1 * PR” 5 OA 


ments are produced, which ſeem to prove the point, one 


is apt to ſuſpect the univerſality of the concluſion, and to 


* 2 
* Sv 
- . 1 6 


imagine that it may pofſibly be owing to ſome particular 
circumſtance. which we have not attended to, or been 
able to diſtinguiſh from others not ſo effential. In the 
example we are conſidering it is clearly proved from ex- 


2 


3 but whether 


perience 5 tl 


that be true in every other caſe ths i may be conceived, | 


can never be determined from ſuch an experiment; nor 


IS it poſſible to make any diſtinctions about it, until we 
have demonſtrated its connexion with ſome other princi- 


ple, which is more ſimple and leſs conteſted. 
Retaining the ſame ſymbols, let F repreſent the force 
of gravity, and f the force which accelerates the body Q_ 
in its motion. From what has been already ſhewn it ap- 
bears, that 5 F 5: ap+be : ap and F-f: F: GP: ap :: 


abpy 
© PD; and becauſe pv is the motion generated in Q 


" _ by 
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by the force F — will be the motion loſt in the ſame 
body Q by the diminution of its gravity. Let a be any 


priſmatic particle of the body, and AD its diſtance from 
VXAD. 


the axis; the velocity of this Particle will be ; its 


AXADXY | 
, and, by the nature of the wow the 


motion 


motion which q muſt loſe to generate ſach an effect i ina 


AX an? * abe 
muſt be — 7 2. The quantity "© repreſents the ſum 


2 0 


of all the quantities - * ; and therefore the motion, 


which Q has loſt by its action on the body, is preciſely 


- equal to the motion gained by the different parts of that 


body after a proper allowance! 18 made for the lengths of 
the levers, AD, &c. 
Thus it appears, that there i is no neceflity i in account- 
| ing for the time of Q's deſcent and the velocity it ac- 
quires, of havin; g recourſe to the conſervatio vis v, or 

any ſuch perplexed hypotheſis. By purſuing the ana- 
lytic method far enough, we have been led directly to 
that fundamental law of motion, that action is equal to 
re- action, and in the contrary direction. 


A diſtinction, however, is always to be made between 
the actions of bodies when at liberty, and when they re- 


volve about a center or axis. In the firſt caſe the motiol 
| Joſt 
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loft is always equal to the motion communicated i in an 
oppoſite direction: in the ſecond the motion loſt i is to be 
increaſed or diminiſhed in the ratio of the levers before 
it will be equal to the motion communicated. The pro- 
perties of the lever are well underſtood and eaſily ap- 
plied, and becauſe their evidence depends upon expe- 
rienCe, and is as firmly eſtabliſhed as the third law of 
motion itſelf, it is always beſt to make uſe of thoſe two 
univerſal. principles, inſtead of others which are more 
lable to deceive us %. 


In all caſes concerning the motion of a ſingle body, o or 
ſyſtem of bodies, where there 1 is any rotatory motion, the 
conſideration of the lever becomes requi iſite, and that, 
with a juſt application of the law s of motion, is ſufficient 
for the reſolution of the moſt arduous problems. It i is 


0690 It is n that che experiments which have been 8 to deter- 
mine the effects of wind and water-mills do not agree with the computations of 
mathematicians; but this is no objection to the principles here maintained. 
Writers generally propoſe ſuch examples with a view rather of illuſtrating the 
methods of calculation by algebra and fluxions, than of making any uſeful im- 
proyements in practice. They ſuppoſe the particles of the fluid to move in 
[traight lines, and to ſtrike the machine with a certain velocity; and after that, 
to have no more effect. As ſi uch ſuppoſitions are evidently inconſiſtent with the 
known properties of a fluid, we are not at a loſs to account for a difference 
b:tween experiment and theory ; and therefore it ſhould ſeem unreaſonable to 
"ON alert, that certain authors of reputation have neglected the collateral CIrCun- ; 

| fences of time, ſpace, or velocity, in the reſolution of theſe problems, unleſs we 
jolt Were able to 

: point out ſuch omiſſions. 
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now pretty well agreed upon, that the neglect of this 


and illuſtration. It is obvious, that the motion of the 
body Au may be made fo flow, that the time of Q 
deſcent through any aſſignable ſpace may be meaſured 
to the greateſt exactneſs. The velocity of Q may alſo be 


Qalways bears an invariable ratio. Such experiments, it 
muſt be owned, ſeem very unfit for the firſt diſcovery of 
the laws of nature; though, as I have ſhewn, it 1s not 
impoſlible to collect them that. way; but after they are 
diſcovered, the application of them to the ſolution of 
5 ſuch intricate problems i 18 both entertaining and inftruc- 
tive, and then-the agreement of the experiments them- 
ſelves with the theory becomes a ſolid argument for the 
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circumſtance is one cauſe of that material error, whick 
Sir ISAAC NEWTON himſelf is ſuppoſed to. have fallen 
into in the chirty-ninth propoſition of the third book of 
his Principia. 

I had feveral reaſons for inſiſting ſo particularly on 
the demonſtration of this third caſe. It is in itſelf one of 
the moſt neat and elegant problems we have; ; and, what 
is of more conſequence, j it admits of an experimental proof 


inferred with the ſame eaſe by obſerving the velocity of 


any particular point in the body to which the velocity of 


certainty of. our principles. 
We 


7e 
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We have ſhewn, that in this caſe at leaſt BxRNoULLT's 
typotheſis is founded upon, and coincides with, the com- 
monly received doctrine of motion, and therefore we can 
hardly entertain a doubt of the ſucceſs of the experi- 
ment, ſuppoſing it had never been tried. The author 
himſelf, in the paſſage above quoted, tells us, that he 
found it ſo; but we need not reſt upon his authority : a 
ſimilar experiment has been lately made by Mr. sMEA- 
rox, and is deſcribed at len 9 in the * 
Tranſa@tions, vol. LXVI. 

It does not appear, that D. BERNOULLI attempted to 
meaſure any thing but the time of Qs deſcent through 
any particular ſpace: Mr. SMEATON has given us both 
the times of Qs deſcent, and the proportions of the velo- 
cities acquired, in a variety of caſes. By moving the 
weights he makes uſe of nearer to, or farther from, the 
center D, he alters the lengths of the levers at which the 
particles act, without increaſe or diminution of their 
number: he does the ſame with the circle or axis NM, 
and conſequently the lever MD; and! in every caſe, from 
the known character of that ingenious gentleman, we 
may preſume that his numbers are ſafely to be relied 
ws | | 

His concluſions may receive fore illuſtration from the 
preceding theory. 
B bb 2 From 


the weight in the ſcale ; 18 
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From the proportion F F:: aþ+b : ap, it appears, 
that the force which accelerates the motion of Q, Orin 
Mr. SMEATON'S figure, the weight in the ſcale is to the 
natural force of gravity in a conſtant and invariable pro- 
portion as long as the quantities a, b, P, and p, remain 
the ſame; and therefore let Q deſcend ever ſo ſlowly, 1 its 
motion will be uniformly accelerated throughout, ard 
the ſpaces through which it deſcends will be as the 
iquares of the velocities acquired, and the times will be 
as the velocities themſelves; and this is agreeable to what 

Mr. $MEATON found them i in his ſecond and third, fifth 
. and ſixth, eighth and ninth experiments. 


The general expreſſion for the force which accelerate 


22 and will be different ac- 
cording as the quantities a, Ps. or 2 are altered; but is 
always eaſy to be determined as ſoon. as thoſe quantities 
are known. But it is impoſlible to determine the mag- 
nitude of the quantity b in the different caſes, unleſs we 
have given the preciſe dimenſions of the whole machine, 
and the ſpecific gravity of the wood made uſe of; and 
therefore I confeſs myſelf to have been puzzled 1 in endea- 
vouring to reconcile the firſt and ſecond and other expe- 
riments with the theory: for though I could not doubt 3 
moment, that the general expreſſion for the force was 
rightly 
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aghtly aſſigned, and would always be found conſonant 
to experience, yet I was extremely ſurprized to find, that 
when the quantity à in the ſecond experiment was made 
exactly one-half of what it Was in the firſt, the time of 
deſcending through the ſame ſpace came out nearly dou- 
ble of what it was before, and the velocity the ſame. 
Now this I knew could never happen unleſs the force in 


the firſt caſe was to the force in the ſecond as 4 to 11 for 


when the ſpaces deſcribed are the ſame, the accelerating | 
forces are always as the ſquares of the velocities, or in- 
verſely, as the ſquares of the times. This conſideration 2 
led me to inquire farther into the ratio of thoſe forces in 


| the caſe deſcribed, in order to diſcover, if poſlible, whe- 


ther they came any thing near that ratio, which of ne- 


ceſſity they ought to do. 


Iconſidered, that the weight of the axis and arms of the 


machine was inconſiderable, com pared with the weight of 
the two cylinders of lead, and alſo that the quantity a bore 


a very ſmall proportion to the length of the cylindrical 
arms of fir. And ſince the acceleratin g force is always as 


ah 


7 Ar, or as 7 r and the quantity abe or E expreſſes 


the ſum of all the particles multiple d by the ſquares of 
taeir diſtances from the axis of motion, it is plain that 
r muſt far exceed a 5 and, laſtly, ſince the quantity E is 

* the 
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the ſame both in the firſt and ſecond experiment, it fol. 
lows, that the forces are very nearly to one another a; 
9 to 5 or as 4 to 1: and in the ſame way the other 
experiments are ſhewn to be conſiſtent with the theory. 
Ichoſe to premiſe a ſhort account of the opinions which 
the philoſophers before GALILEo entertained concerning 
the motions of bodies; 3 becauſe their miſtaken ideas of 
the effects of gravity are analogous to ſome opinions of 
A later date, which indeed — the neceſſity of re- 
ſuming theſe inquiries. 
And as nothin g in controverſial matters ſo com- 
pletely ſatisfies the mind as an exact knowledge of 
that particular which produces the diſpute; 1 have 
ſhewn, that the terms made uſe of to expreſs the third 
law of motion were taken i in two very different ſenſes: 
that Sir ISAAC NEWTON'S explication of them is at beſt 
5 ambiguous, and MACLAURIN'S abſolutely falſe. 
Iſt. In the demonſtration of the firſt caſe we ſee that 
the afſertion of LEIBNITZ is true in one particular in- 
: ſtance. When two elaſtic balls move in the ſame ſtraight 
line, the ſum of their forces is not altered by colliſion; 
and it is more than probable, that this ſingle circum- 
ſtance was the cauſe of affixing new ideas to the terms 
nction and re- action. For, 
2d. In 
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2d. In the ſecond caſe, the ſame principle is taken for 
cranted by J- BERNOULLI. We have examined into the 
onſequences of this author's ſolution, and ſhewn that 
his hypotheſis will prove all bodies to be perfectly elaſtic. 


poled, whoever carefully attends to theſe two examples 


plain, that if any one contends. for the equality of action 


produced i in the abſolute forces of the bodies, the diſpute 
is not merely verbal. 
34. When a concluſi jon, agreeable to experience, is de- 
duced from any hypotheſis, it does not therefore neceſ- 
farily follow, that the hypotheſis is univerſally true, not 
| even ſuppoſing the converſe of the propoſition to hold. 


a contrary. direction after the property of the lever 
1s taken into the account; and therefore the nice 


theory. 
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4 the ſteps by which he deceived himſelf are here ex- 


1 % 


cannot eaſily miſtake in any caſe that may occur. It is 


and re- action, and explains thoſe terms by the changes 


In this third caſe it is ſhewn, what kind of anſwer we are | 
to give ſuch reaſoning. The conſervatio virium vivaruni 
Is never to be admitted, unleſs its connexion with ſimple 
facts, which are inconteſtable, be firſt made out. The 
lolution of this problem. depends on this, that the 
motion loſt i 1s equal to the motion communicated in 


agreement of Mr. SMEATON's experiments with the 
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theor y cannot fail to add frein evidence to theſe eſta. 
bliſhed laws of nature. 

I ſhall conclude theſe remarks with obſerving that 
fince it is perhaps impoſſible to give one general anſwer 
to all the arguments which are brought i in favour of the 
new doctrine of forces, it ſeemed very defireable that we 
ſhould have a general rule to direct us in judging of the 
caſes that occur in practice. It i is of more conſequence to 

the improvement of ſcience and the good of the public, 

to point out the ſource of miſtakes, and the wiſeſt means 
1 avoiding them for the future, than merely to confute 
and ſilence our adverſaries. Some writers have con- 
ſidered this queſtion as entirely verbal, and have affected 
to treat the advocates on both ſides with the greateſt con- 
tempt. Such perſons ſave themſelves a great deal of 
trouble, and have the credit of ſeeing farther into 
the controverſy than others; but after all, 4 am afraid 
the practical mechanic will receive little information or 
g ſecurity from ſuch ſpeculations. Propriety of expreſſion 
in theſe matters 18 not all we want. When a plan! is pro- 
poſed for execution, and a certain effect predicted, the 
grand object is, how to form a ſure judgement before- 
hand of the event, in order to prevent unneceſſary ex- 
e and I ſhall think my time well employed, if theſe 
conſi- 
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| confiderations appear to have the leaſt tendency to pro- 


mote ſo uſeful an end, in the opinion of that Society to 
whoſe learned and zealous endeavours we owe the very 
firſt important diſcoveries in the year 1668, concerning 
the collifions of bodies. e 
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XVIII. OB/ervations on the Limits of Algebraical Equd- 
tions; and a general Demonſtration of Des Cartes's Ryle 
for finding their Number of affirmative and negative 
Roots. By the Rev. Iſaac Milner, M. A. Fellow of 
Queen's College, Cambridge. Communicated by An- 
thony Shepherd, D. D. F. R. S. and Plumian Profe ſir 
at Cambridge. 


Read F ebruary 26, 1777. 


HE inveſtigations of the limits of equations is 


$ 1. 1 


conſidered as one of the moſt i important pro- 
blems in algebra. _ "The knowledge of them not only 
enables us to demonſtrate many uſeful theorems in that 
ſcience, but is alſo of material ſervice in diſcovering the 
roots themſelves. Mr. M ACLAURIN has treated this ſub- 
ject very fully, both in his Algebra and in the Philo- 
ſophical Tranſactions. 

The ſubſtance of what he has delivered may be briefly 
expreſſed! in the two followin g propoſitions. 

Iſt. That any equation x“ pe- E = &. 30 
being propoſed, if you take the fluxion of this equation, 
4 | and 


10 
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and divide it by x, the reſulting equation will have all its 
roots limits of the roots of the given equation. 

2dly, If the terms of the propoſed equation be multi- 
plied into the terms of any arithmetical ſeries, the re- 
ſulting equation will alſo have its roots limits of the roots 
of the original equation. 


$ 2. This ſecond propoſition, though admitted by all 


the eminent authors whom I have had an opportunity of 
conſulting, certainly requires ſome reſtrictions. For 


example, the roots of the quadratic equation x*— 2 — 330 


are 3, &c. — 1; multiply the terms of this equation into 
| the terms of the arithmetical progreſſion I, 2, 35 reſpec- 
tively, and the reſulting equation is I x X*— 2.x 2X—3 Z=0, ] 


the roots of which are 2=V315, 37 neither of which are be- 
tween the roots of the given quadratic. 

Again, ſuppoſe the roots of the cubic equation 
* -p -r to be a, 65 4 and it is poſſible that the 


equation I+3mxa"- I+2mxp' +l+mMxqu-lr= o may 
have no root between the quantities b and — —c; and in 


general, if the roots of the equation (A) 12 — E + a3, 
&c. So be ſuppoſed a, b, c, -d, -e, —f, &c. where @ is the 
greateſt root, 4 the next, and ſo on in order, the enen 


Gum -I -L. bu 111K A- 2. nge , Rc. 0 
will not neceſſarily have any of its roots between the 


roots c and —d of the original equation. 
QOcca e © 3, 
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8 3. It will not be difficult to ſee the reaſon of this, if 
we examine the demonſtration, which is nn given 
us of this ſecond propoſition. 
The roots of the biquadratic equation * Ax BA 
ck eo are ſuppoſed to be a, 6, c, q, and the reſult; 
which ariſe by .ſucceſſively ſubſtituting them for 3 
in 4x3 — 3A ＋ 2 BN C | are ſuppoſed to be R, 75, 
-T, 4 z. From which MACLAURIN concludes, that 
when abed are ſubſtituted for x in the quantity 


LA 3 a 271BX 1+ 2 +/D, the 
quantities that reſult will become —MR Xx, mus æ, nra, 
+ Z x, where, ſays he, the ſigns being alternately nega- 
tive and poſitive, it follow s, that a, b, c, d, muſt be limits 


5 of the equation I+ 4mxa*—Ix 3A &c. =0. 
Here it is taken for granted, that the quantities —MRX, 
+MSX, —MTX, mx, are alternately negative and po- 


5 ſitive, which is not true, unleſs: the roots a, b, ©, d, be 


either all poſitive or all negative. 
For ſuppoſe a, b, c, to be poſitive ſa) quantities, andda 


(a) Philoſophical Tad diene vol. XXXVI. Mr. MACLAURIN, RR Is- 
| ters very diffuſe upon this ſubject, never mentions any exception of this ſort. 

In his Algebra, art. 44. part 2. he ſays, he ſhall only treat of ſuch equations 
az have their roots poſitive; but it may be obſerved, that his reaſoning from 
art. 45. to 50 holds in all equations, the roots of which are real. The theorem 
in p. 182. of that treatiſe is not general, though applied in the eleventh chapter 
to the demonſtration. of NEWTON's rule * finding impoſfible roots in all 
equations. 


7 negative 
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negative one; and then the four reſults will be R. 
usb, -ùmre, "17d. 

$ 4. In general, the roots of the equation 
W = P- 2-2 - qx"—3, are always between 
the roots of the equation (a) becauſe the roots 
of this laſt equation ſubſtitated ſuecèſſively for x in 
1111-1 P + &c. always give the reſulting 
quantities alternately negative and poſitive; but when 
the leaſt of the affirmative roots, and the greateſt of the 
negative roots of the equation (a) are ſubſtituted in (3) the 


quantities that reſult will neceſſarily have the ſame ſign, | 


and therefore it is poſſible, that no root of the equation 
) may lie between the leaſt of the affirmative and the 
greateſt of the negative roots of the equation (a). 


'{$5.1tis poſſible even, that the equation (3) may have 
imaginary roots, at the ſame time that all the roots of 
the equation A are real, which is contrary to what all al- b 
gebraical writers have thought. For inſtance, the roots. 


of the equation x" * +6 * 7=0 are 7 and —I, and if the 
trms of this equation be multiplied by 1, 1, 3 (an 
mnthmetical ſeries where the common difference of 3 
lie terms is equal to 2 the reſulting equation will be. 1 | 
"-6x+21, the roots of which are evidently impoſſible. 1 
96. However, the equation(B3) can never havemore than | 
v imaginary roots, when the roots of the equation (a) | 
are. 
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are real. For ſuppoſe theſe laſt roots to be +9, +4 


„e, 


+d, -e, —f, &c. in their order from the greateſt to the 
leaſt, and ſince the reſults which ariſe from the ſucceſſive 
_ ſubſtitution of theſe quantities are always alternately 
negative and poſitive, that caſe only excepted where dand 
—e are ſubſtituted, it is manifeſt, that we ſhall alwars 
| have #—2 of the roots of the equation (B) which Will be 
limits of the equation (a). 
$7. It is remarkable, that whenever the equation 
has all its terms complete, its roots real, and ſome of them 
| poſitive, and others negative, if / rum be afſurned equal 
to o, the equation B will always have one of its roots 
2 either greater than the greateſt affirmative root, or leh 


3 than the leaſt negative root of the equation (a). L hus, 


in the quadratic x*+6x—=7=0, aſſume any arithmetica 
progreſſion o, I, 2, the firit term of which is equal to 
nothing, and the equation B in this caſe is 6x 1 4=0 and 


ES 
* 7 A which i 18 greater than I, the greateſt affirmative 


root of the aſſumed equation. 

868. he roots of the equation (A) being ſtill ſuppoſel 
a,b, c, d, — ef 8c. let n be taken equal to unity, and 
{any AE integer whatſoever, and in that caſe, two of 
the roots of the equation B Will lie between the roots 
d and -e, and one of them v. be poſitive, and the othel 


negative. 
I 
101 
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For example, the quadratic equation x*+ 6 x— 7=0 has 
+ roots 1 and —7; and if the terms of this equation be 
nultiplied into 3, 2, 1; 4, 3, 2; or 5, 4, 3, ſucceſſively, 
the reſulting quadratic in every caſe will have its two 
roots between the roots of the given equation, and one of 
them will be poſitive, and the other negative. _ 

6 9. The equation B, which in the laſt article was de- 
duced from the equation A by taking 2 equal to r, and 
| any poſitive integer, may itſelf be treated in the ſame 
way, and the reſulting equation will, a ; fortiori, have two 
of its roots between the roots d and -e of the original 


equation, and one of them will be poſitive, and the other 
negative. 5 


Fro. Let * *—Px+q= 0 repreſent any quadratic _ 
tion, the real roots of which are & and 6 ſuppoſe * 2 2 7 5 
and we ſhall have 1 -þ y+9 * =0, the roots of which equa- 


tion are 5 5 Let the root of the equation 2qy—p=0 
= and- will WAY lie between the quan- 


Fr ities -, > Fo and therefore one would think at firſt fi ght 


that the 8 a mult always lie between & and 6. | 
But this would be contrary to what is proved in art. 7. 
n the preſent caſe 4 can never lie between a and F, un- 
eſs theſe two quantities have the ſame ſign, and it is 

obvious, . 


Calcul. Diferent. has given a demonſtration of prs 
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obvious, that the ſame reaſoning holds in equations of 
higher dimenſions. 
Theſe obſervations, as far as 1 know, a are intirely new, 
The fundamental propoſition ($ 4. was, in the year 
"SY 77 5, communicated to Dr. WARING, Lucaſian Profeſſor 
of mathematics in this univerſity, and by him inſerted 
among the additions to his Meditationes Algebraice 2 
8 11. M. EULER, at the concluſion of his 1 3th chap. 


CARTES'S rule for finding the number of affirmative and 
of negative roots in any equation, the roots of which are 
real. From what I have already ſaid, his reaſonings will 
appear inconcluſive, though I freely own, that what he 
has done ſuggeſted the following different method. 
Suppoſe (D) Lm Tx. „ +X"= 0, and the 
roots of the equation (E) n aux. 40 Will 
be limits of the roots of the equation (D); and therefore 
there muſt be at leaſt as many poſitive roots in the I 
equation (D) as there are in the equation (E). T he ſame 
may be ſaid of the negative roots: for ſince every 
root of the equation (E) lies between the different 
roots of the equation (o), it is impoſſible that the num- 
ber of roots ſhould be leſs in either caſe. Suppoſe 
L and Mx to be both poſitive, and ſince the laſt term in 


{c) See the end of Proprietates Curv. 
any 
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my equation is always the product of all the roots with 
weir ſigns changed, the number of poſitive roots in each 
ofthe equations (v) and (x) muſt be even: therefore, the 
number of poſitive roots in (p) cannot exceed the number 
Jof thoſe in (E) by unity; but there is in (D) one root more 
than in (E), and conſequently it muſt be negative. 

If both the terms L and nx are negative, becauſe then 
the number of poſitive roots in (E) and (D) are even, it 
follows in thre ſame Way, that there! is one negative root 
more in (D) than there i is in (E). 

And laſtly, if the terms L and h have different ſigns, 
for the ſame reaſons there muſt be one poſitive root more 
in the equation (o) than there i is in (50). 

DES CARTES' rule is, that there are as many poſitive 
roots in any equation as there are changes! in the ſigns of 
the terms from + to =, or from — to +, and that the re- 
mining roots are negative. F rom what has been de- 
monſtrated it appears, that if this rule be true in the 
equation (x),it muſt hold alſo in the next equation (D) of . 
ſuperior dimenſions; and as we know that it is true in 
imple and quadratic equations, it muſt therefore be true 
In cubics, i in biquadratics, and ſo on. 

This is one of the beſt rules we have 1 in algebra. Dr. 


SAUNDERSON faw ſuch an infinity of caſes in | equa- 
(c) Vol. II. p- * Algebra. — 
Vol, LXVIII. * DPdd tions 
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tions of high dimenſions, that he ſcarcely hoped fil 
general proof. MACLAURIN's '© method is plainly inf 
practicable when the roots are numerous, and therefor 
this conciſe demonſtration will perhaps be acceptable ti 
' mathematicians. | 


(4) Page 145. Algebra, 
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have been in th. 
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=. 24, The height of the therinameter, according to FAHRENHEIT 8 ſcale. 1 Thi 
erm eter belonged to Mr. RUSSELL, and hung in the open air in the balcony. 9 

2d, including four columns, contains the regiſter of the marine barometers, all of | 
wich, as well as the thermometers, were made by NAIRNE and BLUNT: thoſe marked 2 
and D are quickſilver, of the kind uſually made by them. That marked 8 18 compounded 
|quickfilver, and of a lighter fluid, for the purpoſe of making the alterations more 
1 which is is a 2 "= convenience at ſea; A — meme ron fixed to 


1 Th. next to chat 3 8.1 14 0 . | 
ath, The weather and winds in four lines; iſt line ; ſos noon to 6 r. M.; 20, n 
u. to midnight; 3d, from midnight to 6 A. u.; 4th, from 6 A. M. to noon. > 
h the column of weather, f. denotes fair; ſq. /quall ly; c. cloudy; h. hazy; r. rain; br. 2 
rain; ſr. ſmall rain; dr. r. drizling ram; ih Showers ; th. thunder; l. ligbining. =) 
tis proper to remark, that the winds a are ſet down according to the compaſs, without any . 
mance for the Variation. 25 5 
thin 2, The 4 iference. between the Aaily rie of latitude by account and ob/er- C 

in; N. denating that the obſervation was to the Northward of the account; S. that it * 
the SOutpwar 4 . @ 


Here, for want of room, the day of the. month 1 is expreſſed; but in the + original journal the days of the week, and ( 
ke Moon, are alſo inſerted. 

Next to theſe columns in the original journal are the following, wh are left out here only for want of room: 
Correct courſe, lee: way variation &e, allowed, and the different courſes reduced to one aich cours, 8 

Diſtance on that ſtraiglt courſe. 

Difference of latitude by account, 

Difference of latitude by obfervation, 

The departure, 

The difference of longitude by account, 

The difference of lopgitude by the time-keepex, 


in minutes ef a degree, 


2 


rnet Abercrombie, in the Year 1775. By Alexander: Dalrymple, E/q. F. R 
2 Henry Cavendiſh, F. R. S. 


1 29, 1778. 


V 6th-in 2, The di iference between the. daily alteration of longitude by the account and 


) time-keeper; W. denoting that the /ongitude by the n was to the WV2/fward ot 
> account; E. that it was to the Eaſtward. 


The reſult of thoſe differences indicates the daily effect of current; ; however an 
error in the courſe ſailed, or diſtance run by log, would make the current aPPEAT different 
, from what it really was. 

uk The /ongitude from Greenwich, in ſeven columns. 

I ft, The longitude by account. 

by: 2d, The longitude by the time-keeper, which was made by ARN OLD, but without 
E\ his late improvements. 

F Th 3G The diference between the longitudes deduced from obſervations of the Moon 
* and from the 7ime-keeper uncorrefed; x. denotin 8 the time-keeper to be to the 
mm | Eaſt of C; w. denoting time-keeper -to Weſt of . This, admitting the ime- - 
IJ 

) 

7 

) 


 - 
f 
) 


ov not to be liable to any ſudden changes in its rate of going, indicates the 
_ preciſion with which the obſervations of the Moon may be. relied on, all circum- 
ſtances of weather and of the ſhip's motion conſidered. 
4th, The . /ongitude by obſervations of the Moon's diflance from the Sun or Stars 
adjuſted, by the log, to the noon neareſt the time of obſervation. 
Y e She number of /ights or diſtances obſerved... 
x "ns The obje& whoſe diftance from the Moon was obſerved; © denoting the Sun; 
) * the Star; 8. Spica Virgins; R. Regus; A. Aldebaran; At. Atair; P. Pollux; 1 
TY 5 F. Fomalhaut; An. Antares. 
3 7th, The extreme difference between the bigbeht and Jowef obſervation; : -ommentiins + in To 
3 minutes of a degree; when the /econds amount to more than 30, the next minute 5 
28 
4 
; 


— 


above is taken, otberwiſe the next minute * 
8th, The latitude in two columns: 
Iſt, The latitude by account, carried on from the 2 in the Tant manner as the 


longitude by account. 885 
* D d d 2 2d, 
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2d, The latitude by ob/ervation; and where the Jatizude could not be had by 0ber- 
vation i is deduced by account from the 14 obſervation, in which caſe it is 
includ ed within [ 4 
9th, The correct longitude from Greenwich deduced from the time-Reeper corrected 
by the „igt of lands, whereof the longitudes are known, and by ob/ervations of the Moon, 
taking a mean of the ſeveral obſervations of the Moon made within a ſhort period of each 
other. The error of the time-keeper, between the longitude corrected by fight of land or 
obſervations of the Moon, is ſuppoſed to have ariſen by the time-keeper having altered its 
rate of going uniformiy between theſe obſervations; and the intermediate longitudes are 
determined by the 7ime-keeper on this ſuppoſition. Where no obſervations of the im 
were made, it is deduced by the account from the Ja/? obſervation of the time, 1 
is then included within [ ]. 
Toth, The magnetical obſervations of the variation and dip, in ſeven oats. „ 
1 13 =— azimuth, } before, denoting the obſervation to have been ir 
2d, 


tion by amplitude, the morning; x after, denoting the obſervation te 
have been in the evening. The variation was obſerved by the officers with the 
cdompaſſes belonging to the ſhip. 
334, The dj with the face of the inſirument to the Eaſt. 
4th, Ditto, — 
5th, The nean dib of the foregoing g obſervations. 
öth, The mean correcled, or what is ſuppoſed to be the true dip. 
Ih, The cirrumſtiances under which the obſervations of the ap were made. 55 
Y 2th, The miles run by log. 
The dip was obſerved with a dipping-needle belonging to the hon. Mr. CAVENDISH 
- made by SISSON. 
| The following remarks on ths rn and rats are by Mr. CAVENDISH. 
The ends of the axis of the dippin g-needle are made conical, and turn in conical hole 
of bell-metal, in the manner of Mr. LORIMER's needle, deſcribed in Phil. Tranſ. vol. Lxv 
p- 79. The dip was conſtantly obſerved both with the face of the inſtrument to the Eaf 
and to the Weſt, and the poles were changed twice during the voyage, in order to ſe 
whether the needle continued well balanced. The uſe of this . of obſerving i 
explained in Phil. Tranſ. vol. LXVI. p. 396. 


ne, Capt. BURNET ABERCROMBIE, 177 5, kept by ALEXANDER DALRYMPLE. 


er 5 


correction 1s as follows. 


By the obſervations on July 12th, when the poles were char ged, it appears, that th 
marked end of the needle was too heavy, ſo as to make that en! point Iths of a degree 


it is 


The mean dip corrected is what 1 is fappoſed to be the rue ap. The foundation of _ 


ed 


ſoon, C too low at that place; and therefore, if we ſuppoſe that the force of magnetiſm i is equally! 
zach rung | in all parts of the earth, the error produced thereby in other places ſhould de tg 
d or H +iths of a degree as the coſine of the dip to the radius. The obſervations alſo made when 
d its 


the poles were changed at Suez, agree well enough with this ſuppoſition: therefore, x i in 
all the obſervations the marked end of the needle pointed to the North, the mean dp ig 
all that pare of the voyage ſubſequent to July I 2th is corrected by ſubtracting 8 


. 3 and 52 
of a degree from the x mean dip, }52 

when the mean ts 18 between . 
b 0 


5 2 


43 North, and ding as. much wit 
; the dip 3 is as much South. 


do] co e e 


But 28 before the ede left London, changing the poles : was fund to ranks very lit 
difference in the dip, the correction in the * part of the voyage is made 1 
1 videlicet, 


The dip was 8 on board the Grenville at Deptford, a der return, in thel | 
part of the ſhip in which the obſervations were uſually made, and was found not to d 

more than from that obſerved with the ſame needle in a pretty large garden in Lon 
8 about five miles diſtant; ſo that the obſervations on board the Grenville ſeem to be 
4 much influenced by the iron- work of the ſhip. 
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It - | Light airs of wind Eaſterly, with calms. Some fm 
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| | . 5 1 5 | Lig ut airs yy" wind throughout. P.M. ſaw two three-m 
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Freſh breezes, with ſome ſqualls. At noon ſaw Porto Sa 
from the maſt-head, W by S. per compaſs. 


In Funchal road. Maier SEARS 3 us, that 1 
SEARL, in conſequence of our requeſt, tried the therm. 
10' in a cool cellar, and found it 68% N. B. Cap 
ALCOCK informed me, he obſerved the therm. on May! 
1776, at 6 A.M. at Funchal 68?, and in the cellar [Ty 
and Mr. SEARL wrote to Mr. CAVENDISH, that on if 
16th of May the therm. which ſtood at 699, was cam 
down at 1 P.M. to a cellar, where it remained till 4 o'clo 
and then was found to be at 629, fo that Major EAA 
account was probably erroneous. 


Firſt part, light airs. Middle and latter, * breezes v 
ſmooth weather; ſeveral boats came off fram Funchal. 


Theſe 24 hours pleaſant breeze from Eaſt ward. 


4h : 
Ai 


** 


2 - = 0 
CT TY eo OS — 1 — 2 — — — + * — — 


— — 


PP 
: 
| 
y 
' 


4 — from Greenwich | 


a. | TE; 92 5 | | 

8. TB. D. 3 48 8.10. 

e in. Dec ln. Dec. 5 
8 | 


| 20.12 681 30.2 


* _ 


mn * _ 
4 * 
K92 — = - 
= 


* 
LE ad * 
* * . 
Kr = > 


i = ' 3 * wn 
. N »4 -<v* - % — 


„ * 


30.24 073] 39.24 1 be. N by W. C. 1 NNE. | 


f 
1 
m 7 — 
4 . 
— — ——— —J 
* * 


3 
10 


” i E | A NNE NE. — —— 1 
FVV NE. N by E. NE by N. NbyE. 
N by E. NNE. , 
ELLYN NE 
N by W. N by E. 
N by E. NNE. : 5 
N. NNE. . 
NNE. 
_ NNE. NE by N. NE. 
NE. NE by Ne. 
NE by N. 
NE by N. 
9 = 
NE by N. 
NE by . 
N by E. 5 
N by E. 
N by E. 
NNE. 


— — 


— 
———_— — 


7.17 = | 5 26. 


* 5 = 
_— — * 
S - 
A x 


— ew. 
PREP 


* 


* 
ie 


- wt” 2 1 | 
<, & . 
. N — 4 
1 ” N * * « _ 
4 . . > « 24 
«<” . 


y "a — . pea fr o 
* 
sf . 


a 3 n 


* 9 
2 T e . 
' — 8 „ IM 
2 3 4 * 2 2 . » 1 * 
- NE NN ES 
A — : - . 
oY 7 2 c p 


21. 


NE by N. 

V. WNW. NW. 
NW. V. NNE. 
NNE. E by 8. ESE. 


39.0 762 30.0 


l F * 5 P Ty 

, 1 ——-— ü — 2 — 
— —— — 9 . a... i Mt i 

— — 

— 


, - I Ak«S -- 4.4 > on 9 - . 
* o 4 - 


: — I— — — 
JRNET ABERCROMBIE, 177 5, Rept by ALEXANDER DALRYMPLE. 393 
r LEEEEI—_ 
Dip | T. S. denotes the temperature of the ſea-water| 
= — | taken up in a bucket about noon, and the 
i Pare | -. = thermometer immer ſed in this bucket for ſome}} 
MD. C. D. ML. minutes. ? 
0 0 0 127 9 | | | | 


2] F Light Breezes and ſmooth water At noon, Peak of Tene-| 
rif 8 500 E. N 
| 4 
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I Pleaſant breezes from the Eaſtward. At noon, Peak off 
I Tenerif (variation allowed) bore N 249 30 E, which 
bearing, and the difference of latitude places it 27 to the 

Eaſtward of our ſituation at noon, when in 160 55 long. 

74] J by time-keeper, and conſequently by time k. 16 28 is th 
9 longitude of Peak of Tenerif, only 4 leſs than Pere 

| | FEULLLE makes it; but, by the obſervations of the Moon, 

Ion the 21ſt and following * it appears, the ſhip was 10 

| farther Weſt than the time-k repreſented, which dif- 
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ference aroſe ſince the gth of May, if the Lunar obſerva 
| © tions were to be relied on. e 
70 F Light breezes and ſmooth water throughout. Several pertrills|] 
i in the wake. „% | 
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8 
N 
2 | 
FE. «> 
> _ 
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ſoundings laid down not far to the Eaſtward of our ſituat ion, 
ſounded at 8 P. M. but had no ground 40 fath. Several pe- 


1 255 trade. In Captain EXEBERG'S chart there being} 
= trills in the wake of ſhip. 


| Light breezes with ſmooth water throughout, Many petrills. 
N. B. There was apparently an error in this day's long. by 
time-keeper. The ſucceeding days diff. long. was as muc 

II lefs as this day's was more than account. I have here cor 
T rected it as conformable to the Lunar obſervations. T. S. 699. 


1 14 0 In the evening, the water appeared of a muddy green, like 
115 | ſoundings; but did not ſound. An increafing trade with fair 
weather, the water continuing of ſame colour. T. S. 690. 
1 | | — 5 . 


— ts... A. As; — — — 


9 


sa. 1.6 [C. 2 |Much motion. | I | © Theſe 24 hours a freſh trade, and moſtly fair weather, the 
33 +15 5 2 BY 33 water remaining the tame as before. T. S. 68 . __ 

4. 1 95 
2 £27 1 | | | : 

| | | 4 Freſh trade and hazy weather. In the afternoon the ſea 
48.6 49.4 [49.1 48.6 1 T 50 remarkably coufuſcd, breaking different ways. Sounded in 


the morning, but had no ground 40 farh. In the morning 
the water appeared blue again. T.S. 712. 


1! BE 5 | Very ſteady. | | — — 3 
| | | „Light breezes chiefly. In the night, no ground 70 fath. 
| | | There were many blubbers in 3 r 5 3 
46.4. | a very luminous appearance: they ſeemed in thape li 

40.4 48. $443 46-7 | 39 a 2 about 8 o inches Song In the day, ſea was 
covered with Portugueze men of war, of which took up fe- 
| 21401 C veral; alſo ſome pilot-fiſn and fkip-iagks. T. S. 24. 
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Very unſteady. 


45 


370 


5 | f Light airs and calm. At 5 P.M. 56 fath. green mul 
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| 32 
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Light airs of wind, variable, with very damp weatber 
the night, no ground 40 fath. Many fiſh about chef 
ſome under the quarter, darting through the water, 
making ſtreaks of light in various directions, Rad! 
appearance. T.. 759. 1 | 

Light breezes throughout. In the night, lightning 
Eaſtward. Many luminous blubbers and fiſh about th 
in the night. Paſſed ſeveral turtle. Had ground at u 
32 fath. coarſe ſand, with black ſpecks and ſhell 
noon, 30 fath. coarſe fand and flat coral. I. S. 750, 


Firft and latter, light breezes. Middle, calm. Greats 
fiſh about the hip, and in the morning vaſt flocks of 
Soundings, ſand of various kinds from 28 to 171 fa 
8 A. M.; at 9 A. M. 21 fath. blue mud; and at 11A 
— . ⅛Üò wn ˙ i; 


midnight, 45 fath. blue mud. In the night, the war 
luminous when put in motion, and many ſhoals of fi 
| Ing like breakers. A. M. a turtle paſſed; vaſt flocks 


| like the ground with leaves in Oct. 23f. blue mud. Ty 
| { Moft part pleaſant land and ſea breezes. At midi 


like a bow under it, and below this very dark. It ca 
| Soundings, 25 to 21 ſath. fard. A.M. No ground dt 


1 Major part, light airs. Many ſarks about the ſhip; in 
1 dozen in fight at once; caught one. P. M. Sounding 


| The firſt part, light breczes of wind from the Sum 


birds. At noon, the ſea covered with Portugueſe mend 


hard ſquall from the land: it was preceded by greats 
lightning over the land, and long threatning before the 
came off. It roſe in a dark black cloud, with a white! 


very hard, and raiſed the ſpray of the fea in a ſoam. 


Major part, light breezes, P.M. No ground 40 to $ tab 


middle, calm, with hot ſultry weather. At midugh 
fath. coarſe black ſand, with hits of coral. At noc 
fath. coarſe brown ſand. T. 5. 819. 


| {os and latter parts, pleaſant breezes from Weſt ard ! 


to 35 ſath. At noon, no ground 88 fath. T. S. 8% 


The latter, moſtly calm, with hot weather. In the © 
the clouds very remarkable; fome appearing ke dini 
and apparently very near all round the horizon; the! 
above, in many places, a fine pink, and blueiſh grey £9 
it. In the morning, many grampuſſes about the flip 

noon, ground 60 fath. I .S. 83%. 
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012) 30.0 30.01 81 30.0] L. wo weſtv. NW. 4213.50 12.3915 14.34 3 S5 6.2 
21 99-021} 3 | £ 3 c. NW. NW by N. [= 3'5 239115 7343 : 5 
e. th. L. to SW. v. NNE. | F445 
| | | | } on 


* * 
_ 8 1 _ . 
— — — KS. ä — 
— 


— — kr 
— * —— 4a 


* 


29“! 
. 


URNET ABERCROMBIE, 1775, Rept by ALEXANDER DALRYMPLE, ] 
—_— == — — ——— 2 1 
1 Magnetical — 1 =] 
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Variation Dip 7 i 
Ccrf...!łũñłñ̃¹é7tEn 09 | | 
Latitude || Long. || * R | 
A. | O. | | 
| ng Hs „ — —— « | 
3 RI [0 
W | W W 1 i Moſtly light breezes. Paſt 2 P.M. a BE ſ{quall, with great 
| 3 4 _ N r and rain. P. M. a boat came 6: | 
: [ - Ry board from the Polly, a whaling veſſel, ff c 
15·43 | 38.2 38.4 38.3 37.7 480) England; the vefſel was hull * 2 3 
9 | „„ _ ſpoke with the Mary, Captain re from Liver- | 
„ C 
t „ 1 N | 4! -} Moſtly light . and an * midnight, a violent guſt of | 
9.12 E 26.6 127.2 lab A 6 3 wind came off: its violence did not continue above a mi- 
3 | ÞP £ 37 37 5 4 wy Sonny | 38 | — two; but brought much rain, and was attended bees 3 
5 | 2: „„ "If 829. and lightning. A.M. no o ground $8 fach. T.S. | 
go | 8.15 16 1228 30.0137.6 [37.2 130.6 : | 37, Light airs chiefly: a long ſwell from the SW. T.S. 82. . 
| ] : 3 EE BY E: | | 18 
| | 3 e * A 3. ĩͤ „ 1 "Fi, ghar Aide, fred bevenn — lan, 
3 11 | J | | 3 RN RD . midnight, carried away the main and fore-t ; 
8.33 8.1 511 5˙49 ö | 36.6 37.6 37.2 36.6 655 n 300. maft by the badneſs of the rigging. Had, for ſome 2 . 
| | . 55 | ers l. 1 } apretty freſh SW wind; but not enough to have endangered z 
1 | | . . 728 - F- | the top-maſts had the rigging been you At 11 got 6 
1 | | . fore-top-maſt up. 7. 8. 8 3 
1 | | | [ | 35. 12 
| | | * i | ; BW 
1 | | = | | | | 3 1 25 '| 
$.29 | 8. $8 | 15.46 I > 1 Moſtly calm, with fell from Southward. At 9 A.M. got f 
9 1 5 + > = EO [3 4 37 31-1 36.5 PrP _ i 6 up main-top-maſt T. S. 829. , L got * 
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1.42 18. 81 9 = DEN 156.6 1 FED 1 | Firſt, fair. Middle, ſqually, with b d 1 
1-43.15 5 | l ; 35 188 . 2 27 . 5 3527 ble, with calms. 1.8 811 W _ . Ft 
i 1 | 1 | | 
| | = 3 1 
ML, | "= iD JP F Cloudy and rainy, with a gentle br at 1 
7.9 7 14][14-53]] . 34-0135 6 36.2 35-6 $remartab | 64 Southw. T. 222 5 : EM . 88985 J 7 
| 1 3 5 | ; 'F. 
=! | | 1 | | e | 8 £ 
We | 4 ! | 3 | Calm and cloudy : great long ſwell "By Sonthward. A. MW.. 1 
7. 5. 14.39 1 35˙2 03543 5.3 34.7 Very ſteady. | 2215 2 e was 1 - harpon; but it broke | - 
1 | | = | i . | | | 1E NATPON, an got Q — any fith and birds. T. S. 820. 80 
| | | | | | 
| | | 
| | — — — * 
6.25 | 6. 7 | 14.2 1 18 * 22 6122.6 6 F Light airs and cloudy through M - Sth and birds. P.M F-: 
20:5 Do 2 | ; | DITA, 2. 2.1 2 gh. Many and birds. P. M. 
5 3 7 3 | 9 y 3 1 2 T no ground 70 fath. A.M. hooked a thark. 1.5. 814. 
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In the night, many fiſh. A. M. ſtruck an albian; 
from the back fin to the tail nine little yellow fins y 
more ſuch from the belly fin to the tail. Beſides x 
the back, it has another fin, compoſed of a thin ny 
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| | c—_ with ſharp prickly ribs; this fin it can ftrike, G 
E | | | groove to receive it, fo that there remains no projetiuy 
| | 1 pearance of it. Light airs. No ground 65 to 70 fath, U 
[ 5.32 BE * 1413. 18 | 13. 32*; 32. 32.4 nth 31.5 54 Light breezes, with a ſwell from the Southward. Th 
| | | | 
l | 


PM. many fiſh; but ſwimming very deep. A.M. ca 


5.18] 6. 5 112.591 1 31.6 R. 3781.2 197 ſharks. Moſt part light airs and calm with rain. | 


Firſt part, ſqually, with rain and wind Southerly. | 
ter, light airs S. W. cloudy and rain. A.M. apy 
J land to Eaſtward under the clouds, but very obfen 

T thick and hazy weather. T.S. 8 10. 


4-55] 3.49 
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e Ä e . ¶ ERS F K 
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12.13 5 30. 30.630.329. 6 


— 


| 1 weather. A.M. ſome dolphins. Light aint 


variable with calms. T. S. 814. 


| 4.30 5.23 11.54 1 29.2 


the morning, it looked very black, but was not attes 


1 11.38 13.30/13. 50 28.69 6129.2 28.4 


Moſtly light breezes and cloudy, with rain. I 
error of this day's log partly to the courte having 
allowance for lee-way. T. S. 82% 

Firſt and middle parts, light breezes, with ſome {qui 
[ heavy rain. The latter, calm, with cloudy weathers 

In the morning, at 8 P.M. ſaw the land, bearing! 

leagues. Sounded 46 fath. mud; but there was the! 

rock on the arming of the lead. At 10 A.M. the | 

of the land from N by EXE to E diſtance about 7? 

The N extreme I ſuppoſe is Punta Paixas near 

and the Southern extreme ſuppoſed about Balsa: Tit 

a hill, vifible inland, to the left, which was tupps 

that of Paſfa. I. S. 819. | 


F | . | | | ö L _ IO, ofe * 3 3 } 
| |} 3+19} 4439 || 10-44 27.6 [2344 120.1 127-3 | 35| Ar Sun-ſct, the extremes NJE to E2s (per 0 


| the rom with lightning and fome thunder in theal 


3.49 4.5710. 5% 23 14.41/28 629.620.2284 
„o ads int hath th 


3.45 [4.54 || 10.38 || 14.40*] 28.429.429. 28.2 44 


diſtance off ſhore about 6 leagues. 43 farh. | 
Variable winds, with very much hard rain. T. S. K 
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Magnetical | 1 
| E Lean, | 
Variation. Dip 1 
| OY Orme FP | 
| It 
| ML. 4 
— | 
_ — — — ener ena mee 
* # 
3210 | 
Il 
54 Moderate - breezes. T:S. $19. Il 
Fs. | 
| 
5 : ll 0 3 J ; 1 þ | | Moſt part a freth e from n with ſqualls and ra | | 
2-53] 4.28 11437 || ] 28.4 [29-4 [29 28.2 * al TS. 819 95 . "I. 
| Il 3 | ® © 1 | { Moft part freſh beeezes, At 8 P. M. Richard 3 the 
| VVV | ; ſurgeon's lad, fell over-board. Hove the thip to, and ſent | 
| 'F 11 Jolly boat and yawl in ſearch of him; but they could not 
2.35 [441] . 1.11 | 8 27 · 4 27.6 27˙5 26.7 | find him. No obſervation for latitude or time, not having | 
e $ 1 + Il one glimpſe of the Sun all the forenoon. P. M. no ground 
ll | 1 | 1 | 50 kath. T. S. 8004. j 
2.23 4 R 926 | f N 26.4 27.4 27. 26.2 1 BIR A freſh breeze with much raid. P. u- no ground 70 bach. T. S. 302. 
I | 5 4 55 = * 
il — | ” Op 7 | „ - Moſily freſh breezes. At 2 P.M. from maſt-head land, %h 
| ©, Be | f 1 4 6 . 1 | | making like iflands, was ſeen bearing E by NZ=ENEEZN, [| 
3 5 | | | heal ME 7 5 i #7214 ſuppoſed Cape Palin, P.M. no ground 70 fath. At 8 P. M. 
| 2•13 Sr 42 | 8445 | F : 23-4 26 5 25. * i 7307 {poke with a French ſhip from Havre to the coaſt of Angola. a 
| Dj | 55 3 = 5 | R Es | |C 1:5. 800. | 5 - 
56 1 4. 42. Fo „ | > = Al Freſh breeze throughout, and a wo Southerly Cell | ; 
1.241 2. co 5 28.224.724. 1 T. 8 .. | 
* 5 | | 14+3/ 422 AA N | = Freſh bre ze throv hout. P.M. cloud AM. fair, T5. 2 
BB Þ I.56 11.29 CAR 23.0 24.4 es 23.2 Very unſteady. | 79 ” s ye 73 Fl : 
| | W. a { 4 1 „ E OO, | 
; 1 : 6x & | | | [ Freſh breezes: with fair weather. P.M. many porpoiſes 
1 1 3 3 4 13 Some bottle noſes, and vaſt flocks of fly in fich. A.M. a 
0.144 1.11 13. 48 JH 7 23.0 244 24.1 e Ready. | 78 ln 1.8. 76%. Ing | 
| | — | 1 1 
| | 1 FE | fl Major part moderate and cloudy. .T.S. 789. | 
o. 161 1.34 14.17 || 1 3-17 24.044 24.5 23.6 ; 60 A OM IR : [ 
| | : 1 i 2 | | | | "_ | } | | | 
. | 4 | | | | | x | | 
| 8 1 f | : | | { N.B. going to : = WY. Non e ST | 
| FFW | 1 | 3 | 27 den-“ Pleaſant breeze, with fair weather and ſmooth water. T. S. 769. | 
| 0.22 1.10 16.16 12.41% 12.475 24.0 25-4 28 2 2 | ih my ag ; | 
| | | | e 7h 13995] __ 8 
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Variation North Dip 
a | | Pace |, 
1 Az. Amp. | — — b. c. p. | 
C W. | 
— — — | ————  — — 
eee 3895 
11.37% 24-2 [24-0 [24.4 3 ·8 97 rect breeze thowghout. .S. 76% 
| i | | FF 0 ! | . | | 
8.40 [22.2 22.6 22.4 21.5 Very ſtzady. 86 Pleaſant trade wind, with a Southerly fell. T.. 76% 
| 8 c 6 ann i Night ſea 83 ſuppoſed blubber. Major art, 
| 8 59 19.6 20.6 — 19 3 [ii A 80 | breezes, wath a welt from SE. T. 8. 76%. F 
7 | n 4 8 c4% e 1 8 I! | T 10 AM. * ſwell, In the forenoon, hard rain, malle 
395 Z 1 21. 200% WF? 10.2 [20.2 [1 18. SS | 909 very cloſe. Firſt part freſh trade; latter, fquall- 
4 | 37 0.54"[19.2 [20.2 [19,0 0 7 Great ſvell. 99 "= 25 7k r, { 
| 3 * * En TO E Fs | bete well. The W very unſteady. Freſh 
F4 1 22.20 7.52 9449*|1 5.4 16.2 15.7 [13+ Very great ſwell. ] 101 T cloudy. 1.8. 7855, 
— | „ Pretty ſteady, | | 
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curved rays, like the variation chart. 
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* I. 8 77 


noon, Trinidada 8 360 E 11 leagues. Major part, mode rate 
breezes and cloudy weather; winds variable and fmootl. 
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© Firſt part, freſh gales and ſqually. Latter, moderate and | 
fair. A.M. Fog Bank exactly L:ke an iſland, the outline 
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Moſtly calm throughout, with ſmooth water. T. S. 1,01, 


7 0IMzjor part light breezes, with fmooth water. T. S. 720 
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Pleaſant breeze and fmooth water. T. S. 720. 


| © Pleaſant breeze. 
1 T.5S. 692. 


jPleaſant breezes ; a long ſwell. T.S. 700. 


At 10 A.M. ſaw a fail bearings 


Light breezes throughout. Paſſed by the ſail at midi 
was a ſmall two-maſt veſſel. At 6 A.M. ſaw d 
a-ſtcrn. T.S. 6904. | 


Moſtly calm. T. S. 669. 


| | | 1 | | | | 
; | | + jo | 
| | 14 31. 5 31.33 30. 2 * . 10 29. 30. 294 30.3 Very unſteady. | SS Nager part light breezes. T. S. 671. 
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(x part, fqually with * rain. The middle, exceſſivef 
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Very fteady. 


ſqualls and rain. Bar. 8 Þ. M. 30.1. 9. Jo An 
8 124. 30.0 6 A.M. 29. 9 8. 29 94. 91 yoal 


125 moderate breezes and fair. Latter, fro ml 


2. 30.1. 8. 30.14. 114. 30.14. 6 A. M. ze g 
Two black alcatraſſes. A.M. a lew pintado 500 
ſilver birds. 5 


12 part, freſh gales. Bar. 21 P. M. 1c f 6 


9 P. M. 30.2. 11. 30. 14. 9 A.M. 30.1. 
A. M. * pintado birds, * &c. oneink 


| * e with ſqually weather and a — 
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24 Moderate and fair. | SE. 
25 Moderate and cloudy. NW. 
26|Freſh bree zes, with ſome rain. = W. SW. 
Light breezes moſt] from with fair 6 
„ { >. oo ing PE. 
_ 28|Light breezes and fair. 5 ; oY 
| F; rſt and middle, moderate and cloudy, NW toW. 
2 ſ with ſome rain. 
Latter, fqually. 


30 Strong gales and clear weather. 7 
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At 4 A. M. found ſhip drove, veered to a whole cable; ge 


At 8, gale increaſing, ſwayed up lower yards. At noon, 
At 1 P. M. anchored in Symmon's Bay, in 7+ fath, when 


0 Sailed a Dutch ſnow. 


| Sailed La Bretagne, Capt. MANSON for Mauritius. 


: L 


| Sailed again. 


Moderate and fair, * 1 | 
Strong gales and very dual, could JI . 
8 | not ſend a boat aſhore, } S by E. 
1 and fair. V. %%/F . 1 
AIIMNoſtly light breezes, IV. Sent long-boat to endeavour taking up the anchor: returne 
-# (5.8. a freth gale. Aa: "7 | . „„ 
8 Moderate breezes. 9 l 


g uMloderata and fair. 
10 trong gales and hard ſqualls. 
11 Light winds from Southward, and fair weather. 


12 Fair. 
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irſt part, calm. Latter part, breezes, 
i6{Fair. 
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Grenville, Capt. BURNET ABERCROMBIE, 1775, Rept by ALEXANDER DAL!:YMPLE. 


e; got down top-gallant yards, lowered fore and main yards, and got ſheet anchor overſide. 


100N, Cloſe rere top-ſails, ſtopt the cable, and came to ſail. | 
when moored, lower flag ſtaff from Point WSW. Dolphin's Noſe NE. Roman Rocks EZS, Noah's Ark SE. Hanglip SEZS off ſhore F 
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eturned with 80 fathoms of cable, but could not we igh the anchor. 


not purchaſe it. 
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Cape of Goo Hope lat. 34.22 8. 


long. 18.27 E. 


52.4 


53. 


153-4 


At noon, Cape Good Hope N per comp. N 22ZW. Hang- | 
|| lip N35&=N12ZE 9 leagues. Eaftern ext. N 80 E 
N57 E. Major part, light breezes and fair weather, withj| 


| ( Firft part, decreafing gale 


| g or 10 leagues. Hanglip Point NE=NNE. Ext. to Ed. 


Freth gale, with a very large ſea. Bar. 9 P.M. 30.1. 8 A.M. 30-1. 


Ar Sun-ſer, Cape Good Hope NW=WNW. Table Land 


land. At Sun-rife, Cape Good Hope N by WEW=NWEN 


4 ESE = E. Saw a ſail, ſuppoſed the Gatton, come round 
from Table Bay, to join us. 


N57 
| L great {well from SW. 
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. Middle, calm. Latter part, 4 
breeze from the NE. Great ſwell. A.M. bar. 30.3. N. B 
it was not obſerved at noon. 
Many alcatraſſes, pettrils, pintado birds, &c. 


Firft part, freſh gales. 


Latter, hard gales, with great and} 
confuſed fea, Moſtly fair weather. 2 P. M. bar. 30.24. 
9. 30.1. It. 30.0. 84 A.M. 29.8. Many * pi 
tado birds, &c. 


Latter, from Wa. with 
very large NE ſwell, confuſed in heaps. Many — 
traffes, n pintado birds, &c. Bar. 29.6 to 29. 5F- 


Firft part, hard gales from Nd. 


Latter part, freſh breezes. AM. | 
ſwell wack med. Aany 1 pintado birds, pet- 

trix, c. Bar. 2 P. u. 29 53. 3. 29.6. 
29.62. 9.29.62. 


| 
alcatrafies, prntado birds, &c. and great many pettrils. Bar. 
2 P.M. 29.64. 4 29.7. 6. 29.8. 9. 29.92. 
29.9. 9. 49.94. 11.29.94. 


Firſt part, freſh gales and ſqualls. Latter, moderate. A great 
ſwell. Many alcatraſſes, pintado birds, pettrik, &c. Bar. 


4 P.M. 29.34. £ 29-9 
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Major part, freſh galcs. Many alcatrafſes, pintado bir] 
pettrils, &c. Gatton, var. az. 2389 f W. Bar. 12 
30.24. 5. 30.12. 1 2 30.04. 6 A.M. 294i 
8. 29. 91 8 92. | 
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Firk and middle, freſh gales, with hard Tqualls, thunk: 
lightning, and rain. Latter, blowing freth and hazy ws 
ther. Many pettrils, pintado birds, &c. and A. M. ou: 
ver bird. Bar. 2 P.M. 29.83. 4. 29.8%. 53. wh 
6. + 29-74: 55 29.84. 92. 8 = 
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Not ſteady. 


— — 


| 


Very ſteady. 1 
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P. M. 30.34. 8 A. M. 30.34. 10. 30.34. 


Bar 24 P. M. 30.3. 7. 30.24. 1 A. M. 30.3. 9. 30.34. 


grampus very near the ſhip. Several alcatraſſes, &c. G var. 
(az. 2219 amp. 22023 w. 15 


| F Pleaſant breezes. Some pintado birds, xc. ſmooth water, but a 
L long ſwell from SW. G var. az. 220 30%, amp. 229 45”. || 


WO 


| 2 part, light breezes. Latter, moderate. Several pintado | 


birds. A.M. a filver bird and pettril, ſeveral poor Johns. 


8 var. 3 az. 21 28 5, amp. 200 59 *. Bar. 2 P.M. 30. 24. 


> 10s. 30.23. 1 A.M. 30. 24. 


| 8 


[aa part, moderate. Lattor, freſh gales and ſqually. Very 


6 P.M. 30.2. 12. 30.14. 9 A. M. 29.94. 


10. 30.2. 


Moſtly light airs and calms, with large ſwell from SW.“ 
0 Few birds. G var. 3 az. 230 32%, amp. 23050 %. Bar. 6 


Major part, pleaſant breezes and fair weather. Juſt before 
noon a {cal paſſed cloſe to the ſhip on the larboard fide, at. 
ſame time a flock of a vaſt number of ſmall white birds at 

ſome diſtance on ſtarboard quarter. G var. 2 az. 230 25% W. 


| raw light airs, with a large ſwell from Wd. P.M. al 


"I" 


Firrſt part, pleaſant breezes. Luatter, light airs, with great] 
| ſwell from SW. Some pintado birds, &c. Bar. 2 P. M. 
| © 39-24 11. 30.24. 84 A. M. 30.3. | | 


Pleaſant breeze. Great dews. G long. © and d 652 56˙% 
| 2} Bar. 6 P. M. 30.2. 11. 30.24. 12. 30.24. 8 A. M. 30.24. 


damp weather. G var. 2 az. 199 23 ¹, amp. 199 43. Bar. 


| | Freſh gales, with ſqually weather. A.M. many pintade| 
12014 birds, ſome alcatraſſes, &c. Bar. 2 P.M. 29.8%. 4-29-33 || 
| 6. 29.74. 10. 29-84. 12. 29.9. 71 A. M. 30.14. 9+ 30.2 


Firſt part, moderate. Latter, light airs inclinable to calm, 
with a great ſwell. Several pintado birds, ſome alcatraſſes, 
&c. At night, water luminous like blubbers. Bar. 2 P.M 

30.24. 44. 30.3. 6. 30.3. 10. 30.34. 12. 30.4. 8A. M. 
2717 30.4. 9. 30.41. 10. 30.41. | 
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Not ſteady. 
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[ Extremely 
unſteady. 


"Moſtly light airs and calm, witha large ſwell. At ny 


40 


8. 30.4. 10. 


| fea luminous like blubbers. Several alcatraſſes, &c. 

1 fight of — got ſight of her again be fore noon. 
2 P. M. 30-4 5% 3044 11. 30.4. 1 A. M. 304 

30.44. 10. VV 4 5 


( airs. Sea luminous at night like blubber. P.M 


uncommon bird like Cape hen, ſome alcatraſſes. Bar. 21 
30.4. 4. 30.4. 10. 30.4. 124. 30.4 * A. M. 3 
304+ 


142 


E d 


Ses luminous at night Like blu 
A. M. ſky mare's tails. No birds. G var. 4 a2. 1 
amp. 1 50 a Long. QandY 7556“. Bar. 24 PAL 

I 112. 3034. 30.33. 8. 30.34. 


Moderate breezes. Sea luminous at night like bl 
Towards evening became cloudy. No birds. G var, 
' 149 10'®, Bar. 2 P. M. 30.3. 6. 30.24. 8. 30-2þ. 1 
30.24. 12. r. 8 A.M. 20.2. 9. 30.14. 10. 
11. 30. * 


' Freſh 1 AM. one or two > poor ohns. No other l 
G var. 2 az. 120 31, amp. 120 51 *. Bar. 2 1 
4 2 172. 5 1 64. 30.24. 101. 30.24. 

M. 30.3 
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though ſlenderer and ſmaller than uſual. A. M. poor 
a pettril, and a ſheerwater. Bar. 2 P.M. 30.3. bz 
12. 30.34. Oh 30.34. 9. 30.34. 10. 30.33. 
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| | hard. Great irregular fwell. 
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80 54*, 3 99%. Bar. 2 * 30.3. 4 30.25 
30.3. 74. 30.3. II. 30-3. 
hs on Some birds at 2 G var. az. de 
— 2 P. M. 30.3. 8. 30.3. 10. 30.33. 8 AM 
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Tren gales, with ſqualls and rain; ſometimes ſcualls! 
Several birds, ehielly | 
U Johns or black theerwaters, being of the colour of it 
mer, and ſhape like the latter, but without white dt 
Bar. 2 P.M. 30.3. 5. 30.24. 6. 30.24. 8. 30} 
za AM. 30-3... 
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(= part, moderate breezes. P. M. ſeveral poor | 
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10. 30.3. 12. 30-3- 8 A.M. 30. 24. 2. 10. 365 
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P.M. a large white bird which flapped its wings and flew I 
high, unlike the birds which are found in the main ſea. 
G long. O and { 779 39' E. Bar. 2 P.M. 30.14. 4. 3814. 
6. 30. 1. 10. 30.2. 111. 30.2. 8 A.M. 30. zg. 42 
ro. 30.21 
Strong * 4 with frequent ſqualls. Some birds as before. 
Vaſt flocks of flying fiſh. Swell abated. Bar. 2 P.M. 30.2 1 
3: 39-14 4 * 103. 30.2. 123. 30.2. 8 A- u. 
31 7 yoak. bog: 


 $qually.. Few birds as before. Swell increaſed 3 wenk 
nn G long. O and) 798“ E. Bar. 2 P.M. 30. 1. 
4. 30.1. 422 10. 30.1. 124. 2. . 2 zor 
5. 30h * 1 | 
 Squally. P.M. a tropic bird, which kad 2 in 
3 but is of a whitiſh grey. Swell much abated. bang! | 
 Qand{792 10 E. 2 4. 30.0. «2-0 
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Moderate as. with ** ſqualls. A. M. aa birds; the | 
grey white under wings; frequently overcaſt. A.M. a little 
mote ſwell from - "9g G var. 20 3'*, amp. 20 4. 
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Bar. 24 P.M. 29.92. * — 124 30.0. 8 A. M, 
30.01. 94. Dy 114. 30. 04 
Pleaſant gale, with fair ha Ga" A.M. a bird, lager than 8 
a tropic bird, with black wings and white body at a diſ-} 
tance, it lapped the wings "oy —_— A head fwell. C 
Var. az. 1% o®, 09 52%, Bar. 2 30. 6. 30.04. 
TEAM. 30. of. , * 1 
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Major part moderate. P.M. ſome helen lights, very rare | 
and motionleſs. Bar. 24 P. M. 29.94. * 29. 92. 8. 30. o. 
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" Freſh gales, with fair weather, P. M. a large bird of the 
bevby kind above the ſhip; it had a long neck, and was 
ſmething in ſhape and fize like a wild gooſe. Ar night. 
Seuthern light, lome diverging in rays downwards, ſome 
like a rare cloud, very little motion; a faint ring round 
G6. A.M. four tropic birds. G Var. 4 22. c 21 FE, 
az. 0 4 E. Bar. 24 P. M. 29.94. 6. 29.94. 1 A. Mͤ. 
29-9. 8. 29.94 as 
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29.91. 9. 30. o. 
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appearance of ſomething black like @ rock, and at the ſa 
time like @ ea; but it being to windward, and ſhip hay 
freſh way, could not determine whether it was a fal 
the reflection of the Sun behind the clouds. This is neat 
the fituation of rhe Ouro. A man ſent to maſt- head coil 
| by | | = not ſee any thing. Bar. 2 P.M. 29.83. 9 29- 85 
| | 1 7 $ 1 | 1 | | ſteady. | | . 29.84. 8 A.M. 2994. 
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81.7 - 15 4/15 615.5 % 4 82 3 a 


latter end. Bar. 1 A.M. 29 9 8. 29. WM 
1 1 | | _ | | ; | Winds variable with N ln P.M, a bird ike 
| | 7 9 | | 355 Pay ftendy, |} land bird. A. M. many yellow tails; two black birds xt 
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8 Q's limb not diſtin when longitude obſerved. wo 1 
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1.12 2.54 80.32 | I 14 4115.4|15. 15.7 Very ſteady. 


N 

Winds and weather very unſettled. P. M. a fea bird L ker 
- plover: many fiſh. P. M. caught a Sk. A.M. ſaw 1 (2% 
Bar. 2 P.M. 29-84. 4 27 82. 124. 29.9. 8 A.M. 29-94 
114. 29.9. 
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4 $1 0 o 0 : 
14-4 [14-6[14-5[15-4|\. 
133 5 
13.414. $3.6 14-5 f Very fteady. 
[1 HH 
5 = 
55 „ 
: | | 
I1.1|L1.5|1 I.3j12.2 | 
* 3 . _ | 
| | | \ Pretty ſteady. | 
10.6 11,2 TI, 11.7 
| | | 
N 1.4 12.2 11.7 | 12.6 Not very ſteady. | 
4 | 
10.2 10.6 10.4|11 3 [Very ſteady. 
1 8 Ve Read a 
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| | | age way. 
| | 
3 1 
7.0 8.4 8.1 9. [Very ſteady. 
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| { Very unſettled weather with rain. 


| ER variable wind and rain. P. M. a fail; ſhewed French 
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ſ Major part, light breezes, with ſome rain. The land bird| 


29-84. 6. — 12. 29˙94• 8 A. M. 29.94. 


12 A. M. 29.9 . 7. 29.94. 84. 30.0. 9. 30.0. 


colours on firing a gun to ſpeak with her, but did not 


ſhorten fail. Several birds and many fiſh. Bar. 2 P.M.| 


' Firſt part, moſtly ſqually with very heavy rain. Middle and 
latter, light airs and cloudy with ſome rain. O's limb not 
very diſtin when long. obſerved. Bar. 2 F. NI. 29.83 


4+ 29.84. 10. 29.9. 12. 29.94. 8 A.M. 29. 92. 9.30.0. 
Bar. 1 P. M. 29.94. 
2. 29.9. 4. 29.9. 94. 30.0. 1 A. M. 29.9. 9. 29.04 
At firſt the dipping-needle had no motion, but with the face Eaf | 
was at 1204; when moved a little, it remained nition": i: 
when moved with the face to Welt, the needle turned round, 
and ſtood any where, Mov cd ſeveral times, it pointed with face 


E 144 | | 
x W 152 Fl Very fleady.. 


Moſtly light breezes. P.M. * two e bevnd Fl tropic 
bird in night. A. M. caught two dolphins. Dipp ng 
pretty leady, and no appear ance 


7 Variable winds, with rain. 
4 wings and white breaſt. A. M. a ſmall land bird {haped 
Uke a water wag-tail, but in colour like a linnet, with a 
few yellowiſh feathers in the flank. A.M. a bird at diſtance 
- like a gannet. Bar. 2 P.M. 29. 1 + 29- 84. 6. 29.842 


1 A.M. 29.94. 8. 29.94. 


Freſh breezes, with ſome ſqualls and a great deal of rain. 
li The land bird aboard till. P.M. heard a bird, fuppoſed 
to be a booby. A.M. paſſed a drift; a grey fea bird ſhaper! 
like a plover. A black. ſea bird at a diftance, Bar. 1 P.M. 
29.84. 6. 29.84. 1 A.M. 29.9. 7. 29.94. 9. 


29.92 
10. 29.92. 11. 29.9. 114. 29.92. 


—— e hte Hl. At * 


of df. 7 a; yeſtor day. "= 2 
P.M. 29.83. 4- 29-83. 124 A.M. 29.9. 8. 29.9. 1129.94 
P.M. a ſwallow with itor:|| 
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Variable, with rain and calms. The land bird aboard ſtill. 
A. M. faw a tropic bird. Paſſed a drift. Sage alrs. 


2 FP. M. 29.9. 2. 29.9. 4. 29.94. 6. 29-94. 7. 


29.94. 
124 A.M. 29.94. 8. 29.93. 10. 30.0. 
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aboard ftill. P. M. ſaw a booby, ſome fith of the porzoitt 
T kind. A.M. a horſe fly, ſeveral riplings, % many fatl:. 
| Water luminous at night. Bar. 4 P.M. 29.94. 5. 29. —4 
104. 30.— 


Firſt part, calm. Latter, light breeze from NE. with hazy 
weather. The land bird aboard ſtill. A.M. ſeveral tropic 
birds. Paſſed a bamboo adrift. Water luminous at night. 


Bar. 4 P.M. 29-95+ 6. 29.9. 121 A.M. 29: 94. 8. 29. 92 
9+ 38.0. 


. i. ct he. ds Ate. th. AO; —— ” 
- 
* 
52 * 


Bar.] 


” nes. add 


Y tt | > TR et 46. 7 bo 4 "+ 2 = ies Mb N % 7% " W N & * ” 2 . pt + 4 R THEN - 4g ns \ * 8 0 
a 7 > * * - 9 y W K a * * ? x | WES as 24, 7 "3 © OR. 9 os ORR 2 N R 2 q 
» } 9 nn — 1 * 6 n NY wy * 5 oh 4 7 8 i 774 \ f 9 by 9 N % * * wt « * * 4 r * * — 9 * 4 n x, "Vp N * WF) OO TIT 4 , N 0 * 
* 0 * * - \ * i 6 — 4 3 — "4 * Nen n L « = * «7 7 „ 1 7 A - a * 7 27 4 3 N vo | * 8 . HE". aq ak 
1 5 2 | ” a bt ds R RV 
7 x - a F £ | . l 7 

urnal of a Yoyage io The! dies, in tb Sbipß Grenvill 

: | : | - . RA " = L p b = — 


, 
N | * 
1 Lo 2 
. —— 6 
- 
* 
bu 
. 


—— — — 


Marine Barometer. 
* | Th. 


la. Dec. In. Dec 


Weather and Winds. 


"IE 


f NNE. NEbyN. NE. 


| fa, fr. c.fq,r. V. NE. v. 
|} rc NE. v. 
SE © 144 T 
LESS MX -. at 
| } <-L-all round. V. E by N. 
Jan L.. E. Eby N. 
Un. . Ts 


Nee EWH. bt 
Je. E by N. ENE. E by N. 
c. ſq. E by N. E. 55 


A. 


rc VL TE” 
ere. V. ENE. | 
e. ENE. | 
c. h. NE by E. ENE. NE by E. 


Ae Cape. BVANET ABERCROMBIE, Dr by ALEXANDER 'DALRYMPLE, ] 1 75: 


1%Y $3 ** n 9 


* 


* * 1 
* | 
* 


* 


TW * 


PEN q * * 
\ G mY 


* 


* * — 


* 
"I. 


— — — — — — — — == ———=——=—=—= = 
| | * "Magnetical q 1 ; 4 = | 
i | | 11 | | — — | ed 11 =_ | | k | 
| * I Variation. South Dip j | 
| 1181111 A . | | 
Latitude | Long. Face 13 
j FR | Az, | Amp. 1 ä—— | . D. e ML. | 
} A. O. | | E. IW. El | f | 
; | -# IS # v8 Re 5 3 40 -j:0-'.1j4: [© {Js | 
N N E -: E E | 3 By 8 | F Modine an and moſtly fair. The _ 
| | 1  k « © 12 Tom aboard ftill. A.M. ſaw a ſhip, the Dudley, Cyr 
| | - 0 SEE 8 | PM * 88 S* I | BARKING TON, from Madrafs to the Nicol 
| 1-37] 5.19 88.13 0.53% (46 her EE ooo wg boy gre 


— 4 —ͤů 


9. AM 


5˙2¹ 


| 88. 26 


dippi 


ſaw another ſhip. Bar. 6 P.M. 29.9. N. 
Standing to SW. from 10 A.M. to 1 r 


needle . in 4 the diſiance not 


| | + 1— | 
. | | : 1 
| Ty | Win with f ent ſqualls and ni 
il | | 8.28 1. PM 5-17 88.18 | The land bird E with froquent He 
me 6.2| 6. 2 % % Wie || Faye, fon Mobes to Maby Co 
| 1 . a if PP, | x | RICH. er luminous. Sea bird ſhape 
2.50 * 87. 7 | BY 2 5.6 6 12.30AM 5-45 68.11 | $1]. plover, with upper part of head black, 2 
„„ 1 1 1 9.10 6. 4 87.25 |} wings tipped with black. Same bird ſeemst 
li | 0 44 1 1 PM 1 have been about ſhip ſeveral days. Bar. 5 P. 
| 1 | i 3 | 29-9. 6. 29.9. 1 AM 29-9þ 8. * | 
a | 3 1 | il | & 30.04. 11. 30.0. 
3 | [ 8 iN | „ Le | 8 1 Freſh . and fually 8 The 1 
5 4 L | | ; . c 6.6 ver feadv 18 bird ard Sea very luminous. P.M. 
3-23] '$ 6 3 86, 35 | 5 * 6.9 | 57 | 6.0 Very ficady.. | v9 { ſmall mew came on board." B Bar. 2 F. M. 294 
3 V — 1 1 . 3 3 | £7 +4 Winds 8 with cell md rain. 30 
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- SE by S. 
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| — h. 
Lk. WW. 5 | 
5 04 30. | 299 831] 29 94 [fr s. v. SE bys. 91.58 89. 8 | T 
| ; 5 * | 
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. | SE. SE by E. | 
1 fq, r. ſq, ſr. SE by E. E. ENE. v. 
* 6 VC. ME by ©. 

| SY, > A ST 
EN NE by E. N 
NE by E. NE. NE by E. 
NE by E. 
NE by E. 
5 
ENE. NE. 
NE. EXE, 
ENE. - 
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| . — — c — — — —̃ů — — ——— —— — — — : ed == 
9 5 | * Magnetical | EF i 
8255 _— | | 
| — | South Dip | 
| — — = \ | | 
A titude | Face | DW | 
1 Az, | Amp. | poto_y vp. D.] ML. | 
D. | . A. O. | | | W. | | 1 | 
33 — — — — — — — — — — — — | — —uy— — | . | 
| \ | | 

| G- -þ | 98 @ NF © 4 9 # | | | | 


0 Moderne 1 and * Bar. 3 P.M. 29 
] 29-93- 8 A.M. 30.0. a * 


Variable winds and n with much rain. A. M. a ſmall | 
land bird, probably ſame we loſt ſome. of ago. Bar. 


1 P. M. 300. 3. 29-9. 4 29-94. 6. 29.9 
124 A. M. 29.94. 7 30-0. 8. 30 of. 


Firſt part, ſqually with rain. Paſt 6 P.M. weather looked 
very black and threatening, but the barometer did not ſall, 

and it came to nothing. Middle and latter, modera |} 
3 24 ap LE * 1 Bar. 2 P. M. 29.94. 24. 29.84 

| l - 0 C I. 6 29-9- . 30.0. 125 AM. 29.94. 6. 29.9. 

| 1 T4. 3-1 N L 77. 29,94. 84. 29.94. 1129.93. 


94. 30 0. 


30. og. 


1 . | | | 3 RE: of „ 3 1 [ decreaſing * * pleaſant weather. A. M. the fore 
„ | EE, + i 6 [ 2.4 U | 4 |! 47 land bird. A ſmall mew about A Bar. 24 P.M. *7 | 
1 8 | 10.33 86.49 F149 3˙3 3 — 4229. 7. 29-94 12. 29.94. 7 AM. 29-9 
RS | 3 5 | | © 29-94 
| | 1 
i 1 = oy 
=Þ | _— = CE on. ny Eo SG: „ Moftly light airs. A.M. the ſame land bird. Bar. 2 P. M. 
1204  7-52| LI1.13} 87. 2 1.32*˙ 1.41*˙ 5˙4 5 6 $5 4.6 Very ſteady. © | 52 29.84. 6. 29.83. 10. 29.94. 12. 29.94. 7 A. M. 29.9. 
| A 8 | 1 — | | | 1 5 
| Bis | 1 1 95 = | | | 91 A.M. the ſame land bird. P. M. a land bird, it] | 
* 5 | 1 5 . 1 ol{ ew like an owl. Bar. > 7.0. 29.9. 4. 29.9. 7. 29-92 | 
8.39 12. 2 86.47 1.12 1.22 6 6 7˙2 f : 7 6.1 Very ſteady. 5 | | 7 A.M. 29.92. 114. 29. 9e. | 


kk | 5 30 * | ä | { Firſt part, moderate breezes. Middle and Iden ſqually. 
| | 15 5 * * | The fame land bird on board. A ſand lark on board. 
7 By 5 4 $1 JJC Saw a ſnow ſtanding to Nd: it hoiſted Engliſh colours. 
28] 9.42| 12.86 85.44 EE 0] $.2] 8. | 7-1 pretty ſteadr. 5} Bar. 4 P. M. 29.95. 7. 39-0 74, in ſquall, 29.9 
we 1 56 | 85.44 i yes 7 bi PT. 7 * * 7 IO. Po, 1 21 A. M. 29. of: 125, n 29.9. 

1 5 [ | 3 . I | 29.93. 82. 3.0. 94. 30-0. 


' 


Freth 1 with pleaſant weidhas: The ſame land bird on 
board. A mottled bird came on board. Bar. 24 P.M. 29.94. 


_+ 2244: 6. 29.94. 10. 30.0. 8 A.M. 30.01. 11. 30.0. [ 


1 8.6 9.2 | 9. | 8.1 Pretty ſteady. 134 


1 3 | 3 . 135 f Freſk enn through out. A ſmall land bird aboard. Bar. 
26 5 | E 4 | | 22 P.M. 24-93: K % 8. za. AM $30: 
23 11.271417 81.23 | 9•2 9.0 9-4 8.5 Pony ſteady. | l 39.0%. 9. 31. og. 
3 | | | 
| ij | | | | | | ner ee | o 
—<__<_<=<—c_IS << D ů — EDT IT ——— —U—y— eng en ESE TG — 5 — — . —— — — ͤ — — — —— 
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Journal of a Yeyage to The Eaſt-Indies, in tbe Ship Grenville, 
| | —— — * TR ** 
D. L. Longitude from Greenwich 
: | D. L. A. — — — — —ů— —1— 
Marine Barometer. Weather and Winds. [A. O. T. K. ID [ | 
\ TK. T K. 7 
N i is x | | "RT 8 
— — — — — —Ä— — — ——— — — — — . — . — —ñü4— "1 
„. 2 ©. „„ „ 
| SE 1:6 E 
| | | | 
ENE. = | 
ENE. 3:4 $4 9 5 1 
E. | [22] I] 82.56 E 
DT, . 5 
2411] 5 
| FEEL + 
| ENE | [611-1 „ 
1 1 5 CO Ee Dn v. in 53 hours.| 1 ” [1 EL 1 
At anchor in Madraſs Road, in the Grenville's cuddy (cabbin before the rqund- houſe) „„ e 
Aſhore, in the fort cf tne Company's houſe near the church, _— — J)) — 

f Ditto, ">; mm; — )))) ng WY — _ — — 
—— ͤ AA eee Ee 
IB y the latitude obſerved at noon, . the gth of December, and 2 5 5 E 80.42 Longitude gth noon by map. 
| || bearings of PuLicar Flag Haß, we were then from Fort St. George, } 232 56 Longitude by Time-keeper, 
Longitude of Fox ST. GEORGE, by eclipſe of Fupiters firſt ſatellite, 80.29 m——— 3 8 
| Longitude of gth noon, by map, = = w 3 2.14 Error of Time-keeper ſince 1 
+ [Longitude by mean of 52 N obſervations, . — . 80.28 „FC. = 


Difference, 5 . 1 * — b 14 
LEE N. B. There being a very conſiderable difference in the poſition of Fort St. George according to the 
EH PS | | | | | | EE | | | 


[Lat. 13. 8. o N. 7th Oct. 1776, A. P. on board the Stoa!lw loop of war J © Merit ak. by a Hadly made by Bir. eng- from Greenwich, 


: © double alt. 
13. 8. o 3 1761, Rev. Mr. Hirſt, many obſ. made not long ago with an excellcnt guadrant (vide Ph. Tr. vol. LII. part J. 
2p. 396). N. B. It does not clearly appear whether theſe obſ. were made by Mr. Hirſt or by ſome other perſon. 


SE Several obſc! vations by Mr. William Nichelſon, maſter of the Elizabeth man of war, p- 48. Remarks 
Jo „ Os SA ; : | 
and Obſervations made on a voyage to the Eaſt Indies. | | 


$0.2 8.45 Hon. Thomas How 
$0.15. o A.D. mean of 52) 
80.24. 0 A. D. © and) 7th 
80. 2.15 Rev. Mr. Hirſt, T. 


— — ———————— 
—ͤ— — —ö — — u — 


13. 7. o Major James Rennell, ſurveyor- general of Eengal. 


| ! 1 : } — = | $0.41. 0 Rev. Mr. Smith, b 
| 13. 4 54 Major Will am Stevens, chief eng: neer of Fort St. George. | — 31. 1.45 Ditto, — 
- ve 44, Rev. Mr. William Smith, alt. of *, ſome ro Northward, ſome to Southward. | 1 5 

. y a jw vey which has been made of the country from Fo RT ST, 5 | PoNDICHERRY, by M. I 
| GEORGE to Allunipa va, Al um, ar va is 17 ſtatute miles, or 8 14.36 w of Fort St. George. | , 7 

| From Ponvicugrky, by M. D*apres, 4!/wmpar va is I}. E. 

3 1 Fort St. Gerrge Haßauard of Pondicherry, 27-36 Cd ea Which plac 


2 „ — - — MO. : . a — * * 


2 * C ” was. , 2 4 
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lle, Capt. BURNET ABERCROMBIE, kept by ALEXANDER DALRYMPLE, £775 
— | A Magnete N * SS Fae. — 
| | ng 0 As. Op 1 
= | Tins men,; | 1 | K 
chf | | Variation. South Dip | 
—ä— | | Cor, 8 | & 1 — | 1 
| Long, | F ace [ 2 N + | 
) | 4 Az. | Am . jug — MD. D. N | M L. 
) | 1 P „ | 
8. | | E. W. | - | | | 
4 75. 
5 o / Sf 4... } © 0 0 5 66 0 1 gth December. 
E = E E | | E | 24 Pleaſant gale. At 24 P. M. had ſoundings, 28 fath. 
WF: | | | WE. 1 | | ſand; and at day-light ſaw the land bearing SW * 
| | Z 28 | h |Weather. Winds. Courſe = 1 | 3 ings. 
a | ; | EE: bd A F — 
| | | I 2 |} 55 30. no ground, 
| | | | | Es | 1 1 2 1.54 gravelly fand, 
1 SM | | F C23 | | { | LL Wo SdEZE| I. [20. 19. 18. 17, City 
. 80.42 b | | | 5.6 6.2 LY 4 g.1 Very ſteady. 1 86 \ 4 | . . 164. 18. 174. 20. 0 
| - : Bag * EY SY: SSE | 2. 25 252. 20. ditto. | 
| if | | EE TY - | 2. 254. 25. blue mud. 
; | 1 T3 i Þþ. 2. «<1 26. diuo. 
[= = 81 | . 2. 26. 27. ditto. 
4 "8893: ES: 2.327. 26. 25. 
| EI | 1 |ENE| Iz. 25. 244. 
* | 2 | | 10H | 3-4. $ - jay 2t: 20. 19. 9.1 
> . | Y Il | | | 8 by E 2. 18. 173. 172 15 
©: 1 I | | FF 8b } | | SBE | 4. hi$. wo 25. 
* | . 22 At öh. 30. Armegon Hill, W 132 N 10 or 12 miles of 
1 | © | | A Southernmoſt part in Pulicat Ridge in. % 5% 9 
. [ 2 The extreme in haze. 
. F . | 4 At h. 40. A Hill or Grove W 1125S. 
TY l 1 5.6 6.6 | 6.2| 5.3 | 9 4 P 
_ | 5.6] 56 56 4.7 | R28. 30 Sandy Point of Armegon. 
E _ 5 | F 61 6. 3 E 1 | 35 * White Building. 
1 1 1 | 8 1 1 | C719 | » 43-38 Ext. in fight to the North ward; 
8 3 * | 1 5 1.5.60 6. 5.71 5. B -If 44. L 4.37 Higheſt Peak of Pulicar Ridge. 
| —— — — — | „ I | | i 14.25 Kettle Bottom, ditto. 
| ” # 2 Ext. in fight to the Southward. 
| N. B. All 8 of the d. were taken q * 5 F 
map. | with the needle ſtanding on the table in the Gren- | | Ar non, Furie Flag-ftaft, 8 520 W. 
| 1 £9 R 33: 6 Kettle Bottom, Pulicat Ridge. 
eper. : | ville's round- Hofe towards the Hartoard fide of theſ | 6.30 Higheſt Peak, ditt 
WM ſhip, except 2d, zd, 6rh, and 8th of October 1775 ;| 1 6 
3 . 8 jand roth and 28th of and and 3d G. | 
3 h Sept. in 82 davs. | 0 A L 5. o Point to Southward of Pulicat. 
ance 18th S * 83 os ; | nt . 3 2 | | IT | 19-30 Tue near South ext. in figlit. 
| — — — — | | — | | | | | | 
2 | ö 1 F 
5 N 5 1 eather: Winds. Courſe. K. ral Soundings. 
> the different obſervers, I have annexed a view of them. 1. [lan 
5 = A | | 44 . 18 by WI 45 20. 13- 
ch. Pas 2 30˙. Anchored in Madraſs Road in 104 fath. 
| | * Four ST. Gro OE Flag ſtaff, S 8 10. 
nas Howe, eclipſe of Tapiter's firſt fatellite, 5th July 1755. 1 about 4 miles off ſhore. | 
of 52 ) obſervations, compared together by the . in thas Journal. 1 — — nn 
ad ) 7th Oct. 1776, 3 fights ext. diff. 10. | R 14.31 Obeliſk and Punch-houfe in one, 
Hirſt, Tranſit of Venus 1761. : 32] | 18.15 Tr 22 3 
S ith by Dr. Matkelyne's calculation | 49-1 Ute-nNOulte ON the I2A-Deac 
— 8 Mr. 3 Calan, 5 Em. 2 wy . 8429 L 18.47 Nabod's White Building. 
: 25. 9 St. Thomas's Mount. 
by M. Le Gentil 1769, is in 11. 5 5.42 N. Bo 52. 30 E long. from Greenwich, | 28.40 Triplicane Pagoda. 
27.36 £1 29. 6 Prak of 4 Sierras. 
hich places Fort St. George in 80.20. 5 
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ERRAT A and A 


In the explanation of weather dr. denotes di 
all the weatbers, ſo ſeparated by comma, 
lightning : ſq. r. th, L. imply Squall ly, rai, 
but not at the ſame time. 

In the explanation of the 5th column, for N 
obſervation. 


For 
May 2d — — — — 
4th, N TO OY TE 9 
Sth, 1 8 = ons . 
roth, ade 4 to Lat. Atill I gt inclufive, and — 
x4th, — — — "727 2 
1 5th, — F > 
18th, in column "Tk for w l 
22d, — — — _ — 


27th, ſubtract 10 Hom Lat. A till 20th of June incluſive, anc 
June it, ſubtract 10 from Long. A to 2 z5th of June inclufive, an 
⁊ꝑ: . 9 
21ſt, fubrra 110 from Lat. A till :f July incluſive, and 
26th, my — — — 
27th, 3 — _ „ 
28th, — — _ e 
29th, add 13' to Long. A till 2d Auguſt — and 

July ad, — — — — 
2d, —ä—— — — — 
4th, add 21 to Lat. A. till 19 Auguſt. incluſive, and — 
24th, add 2 Tto Long. T. K. till 28th July inclufive, and 
28th, — u — — — — 


d ADD EN DA in the GRENVILLE's JoURNAL. 41 5 


es drisling rain, and a comma (,) after any weather marked, implies that 
na, are connected: thus, ſq, r, th, L. imply /qua/ly with rain, thunder and 
* thunder and igbmning, to. have all been in the period of fix hours, 


or N denoting that the ofervation read N denoting 8 that the latitude by 


| D. L. Long. from Gr. ro | | 


D. L. Long. from Gr. 
L — 
A. O. T. K. 


N 


| S | Latitude | # ih Latitude 1 
„b „ Tk. — ] Read | ee ee 
NS WE 1 ©. I 
NE (util 0 + | i #169 
4 "1 * 1 D | 


DP 3 
1885 r „ 39.20 — — * 
| * | | 4 7 = 5 | - | 
it | 
1 5 5 | 3 | | 
e, and I 4 | — * —— | 15.32 _ 8 1 
CCC 
go [- . ws 17 Ba 34/1 Haw I el: Noa 4 
5 3 NN 5 3 
1d | E | = 3. 4 — ——— : 5 
= * FR. 2 3 „ | 
— A * 7 10. 2 — 8 4 — 
— ns - — 1 10. 6 N mT = mou ꝙ——2— 
— — | |} — | ow 11.10 £ RR | — — . | 
| 
I=|-|-|-| mas] = | — | = | — 


wy 
th 


| Sept. 20th, ſubtract 10 oo Lam A. till 8th Dec. :nctufve, anc . # 
27th, ſubtract 20 from Lat. A. till 16th OR. incluſive, and 
OR. r7th, fubtraQ * 59 from L 


goth, 


Idth, 
Al gqtch, 
doch, 
Ip 21ſt, 
22d, add gr' 1 to Lat. A. till 1 gek Dec. incubre, and 
Dec. gth, 
10th, 


N — 
N 4 ann N 
1 — a * 27 * 
* * 2 1 4 4 l a i * 
Mx El.) STI” * 20 Ob: RY ** 8 
* 8 Wen A ** * — * * * 
n By + * N _ 0 


1 1 
ö — 5 8 F . « 

5 . * * 0 

2 * 

þ + Auf 72 * 

7 . 19% — 
2 n * * 

4 \ 
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Aug. 3d, add 117 to Long FE to ok Auguſt incluſive, and 


1 oth, ſubtract 1 r' from Long. A. till 18 Auguſt incluſive; | 
ſubtract 6' from gl y 4 * 1 "_ n # 


* W_ 


Noſe 4 . — | 


# 


ad, ſubtraQ 4 from "No A. till ꝛ0ch of N inclubre, and | 
Nov. Sth, : 


ni, aua gr from Lat A. dn 19th ine, and — 


| 


.ong. from Gr. 
| * 0 


Latitu 


T. X. . 


and 


| > 
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| 9 
AO 
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D. L. Lon 
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T. K 
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g. from Gr. 
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W E. | | 0 | O. 
8 5 TRI 
b {> nr S #8. © 7 @ --& ſ 
on — | 28. 2|| 31. 3 
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Regi/ter of the Dip in His Majeſty's Sloop of War The 


IN. B. The ſhip having an iron 


.: er, and much iron 


about the after part, it was found, the obſervations taken in the cabbin 
were not conſiſtent or meriting confidence, From Aujengo they were all taken on the binnacle, which ſeemed to be the only 


At anchor 10 fath. ſand and] | 


WY | 


4|Aſhore at Trinquemale on Ceyloan. 


ſhells, Anjengo Road. 3 


= 
Nov. 1 Off Kalpeny. 


Off Scheulpar. 


ö Lacadive It | 


© 
Off Socotra. 


la fight of Ceaſt of Arabia. 


kf | 9. 33 | 


Ditto. 


2 
* 
— 


— . — 8 — 
— 4 W — As. 4 — 
— — —— — — 


| v . . 
fit place in the ſhip. 2 . OD 
_—_— ff dr eo | „ 
4 Variation South Dip 
[ [1 — 8 — — — 
| | Lat. Long. | Face | 
Az. | Amp. — of 
= | ba E. | 
6 E 13 Tr... wks POTTY eee — — 5 
i 1. 30 


0 20 
4143 
6 2.5 
3. 

2.6 — very ſteady. 
4 Pretty ſteady, 
7 | 3-6 Ditto. 
9 3˙7 


2.3 


2.4 


| 


41 
37 


Jl 


0.3 
ND.] 


1 


| 


Mr 


Ditto. 


Very ſteady. 
Pretty ſteady, 
Ditto. 5 


Ditto. 

Not very ſteady. 

—_ 
Not ſteady, but taken 


when moſt at reſt. 


2. 1 [Very unſteady. 5 


3˙1 Pretty ſteady. 


Ditto. 
3 Very ſteady. 
1 Quite ſteady. 


— — — Li — — Kö ́ ¶Qà́sñ . . ⅛ - — wt... oO — —— — — — — — — — — — „— - — 0 4 - - - ny 
— ——— = rc __ ——__— — —_ * * — Un = — > — — — —— — — — — —-„V— Rr” 2 — 
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he Swallow, Captain JOHN ALEXANDER. PAN TON. 


* , 
i — 


Pretty ſteady. 
% Diets, | 


6 Ditto, 


[at anchor at Mocha, 3 Ditto. N 
| 21 Ditto, 1 „ Not ſteady, much wind. 
Achore at the Canter! s fattory, 3 * 


| 8 ſight of Gebel ZLeker, Pretty ſteady, 
Very ftcady. 
hip 1 
7 Ditto. 


| | 
. Ditto. | 


1 | 
. e 
[Pretty ſteady. 


Ditto, 


90 Tudda, Ditto. 


Very unſteady, much b 

wind and pitching. | 

Dec. 1\[n fight of Caaſt of Abyſſinia. very unſte.dy, 
Eh, Not very ſteady. 


21.2 Pretty ſteady. 


Not very ſteady. 


At anchor on Coaſt of Arabia. Pretty ſicady. 


Off Coat of Arabia. 


| 
| 


ä 

* 

o 

5 
3 


* 
0 


be. 1 


1 1 


418 3 Y 
| | | 1 III — 
; | 3 21 994 mY — 
| | | | | = | th | 


5 — . — . . —— — — —— —— 5 
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| Regifter of the TP in His Majeftys Sloop of War 


. 
1 
ö 


N 
1 
| 
| 


[177 | | 


26 
a6 
= 2 
23} 
A ee 2 anchor off Tor. . 


| 
1 
7 Variation 54 South D 355 
Lat. Long. 3 Face BY 


il 


In fight of Ras Mabomet. 


{At anchor at Bey. 


Aſhore on a ſmall a, 1 | 
Coaſt of Pull | 4 


35 35. 

35. 35 

35·2 35.1 
5 35. 35 


30. 35. 4 
36.2 36 2 
38. 58. 


| 


% | 
34-2 Much wind, | 
« [34-2 Pretty Ready, 
34-3 Very ſteady. 
| Lal 5 [hs very fteady, good 


— — — —. 


deal of wind. 


-2 [34-4 [Very ſteady. 

A [34-2|N Not ſteady, ſwell from 84. 
34.6 Much motion, with wind. 
235˙4 pretty ſteady. 
37. 2 Not very ſteady, 

4 37-6 [Pretty ſteady, * 

v 28.1 b ſteady. 


3139.5 Fay ſteady. 


[Very unſteady, much wind. 


= << 
5 21 


— — 


41.2 Pretty ſteady?" 
; 


128.16 alia. 2 [42.2 141.4 Ditto, 2 little fwell. - --- 
ig e ; _  Aftronomical Objervr 
3 Long. trom Greenwich. mA b 8 Long. rom Wee |. 
| a CN — 
| fog « fob] | _ $4] « xk 
® LY 1 — TOP as 3 5 e eee wn W — — 
| WI 4311 r 1 * 
Nov. 1 . 22 73.31.30 O0 6 3:[Kalpeny beating N. Nov. 19 44.8.1800 514 At ancher 11 
— a| | 70.26. [© 515 . | 20 44.16. 0 5 oth. Ovſer 
60 8 67. 5. © <4 2H = 44. 6. => 305 gall, > S 
V "1 1 24 21] 42.28. A 5133 Wat 
7 5 05-52 9144 Wh, 29 I, g 38 47. hn 935 a 
151-22] 47-11. of 62: Dee. 4.39 37-49. e jo — 
1 100 80 46.14. [0 e 1 f 2 PEE 38 37.34 ls = 3 


Par The Swallow, Captain JOHN ALEXANDER PANTON. 
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Magnetical 


— —— 
7 Variation. | South Di» 
HE. — — 8 1 
Lat. 7 {oy o. 
I 1 Az. Amp. — — C. D. 
N | E. W. | 
5 {Freſh ied and ad 
0 43.2 U of motion, 
| 46. 145-3 Ditto. | 
\ N Dn * | 143 | 13 E . 4. 1— —— | 
| 4|[Off Suez... | 29.51 || 32.12 || 145-2 [45-6]45-4 [44-7 Perfectly ſleady. 
| 8 | 1 i . 
J ˖ What. i 1 3 5 4 
84. 5 At anchor off Suez. 29.58.12 29.58 32.15 : 45-0145: 45.1] | | 
ind. 1 | ll | 1 
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4 AX. An Eſſay an Pyrometry and Areometry, and on Phy- 


ical Meaſures in general. 2 John Andrew De * | 


F. R. S. 


PART THE FIRST. 


Concerning the meaſure of tbe expanſion of ſolids by bea 7. 


Read March 19, 26, K 
Me 9 1778. 


Y inveſti gations of this meaſure 


of the Philoſophical Tranſactions. 


Thad. 


1 


Eſa: fur la Pyrometrie et Þ Areometrie, et fur les Meſures Phy- 
| feques en general. Par J. A. De Luc, Membre de la Societt 


Fals, &c. 
PREMIERE PART IE. 
De la meſure des expanſions des ſolides par la chaleur. 


Es recherches ſur cette meſure ont ẽtẽ accidentelles: c'eſt un nouvel Hy- 
grometre qui en eſt occaſion, Je faiſois deja mention de cet inſtrument 


dans le mémoire que la Societe Royale m'a fait Phonneur d'1nſerer dans les 


Tranſact. Phil. de Vannee dernicre. 
D dd 17 Je 


have been owing to accident. A 
new Hy grometer led me to them: I have already men- 
tioned this inſtrument i in the paper which the Royal So- 5 
ciety has done me the honour to inſert i in the laſt volume "4 1 


11 
= 


. —_—_— 
1 


Ov. —_ — 3 ———— 
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the effects of the humor upon ivory being inconſiderable, 
1 I wanted, in order to meaſure them correctly, to deſtroy | 
the effect of heat upon the frame, which I have done (as 
In the compound pendulum) by the expanſion of a 
rod of braſs in a contrary direction. But to do thi 
it became neceſſary to determine the proportion between 


Alpes: mais il arriva, ce qui arrive auſſi tres ſouvent ſur les montagnes, que 


conſidẽrables, y ai voulu, pour les meſurer correctement, detruire Veffet de la 
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1 had carried it with me to the top of the Hartz, with 
an intention to repeat there the obſervation upon the dry. 


neſs of mountainous air, which I had made in the Alps; 
but it fell out, as it often does on mountains, that what 
I did obſerve was the extreme humidity. 

1 will not enter upon the conſtruction of this in- 
ſtrument, which I have not yet been able to take up 
again, to bring it to the exactneſs of which it is capable: 
all that is neceſſary to mention here is, that it is made of 
ivory, as the firſt was, but 1 in a glaſs frame; and that 


the 


Je Pavois ports fur la plus haute ſommitẽ du Hartz, dans intention d'y repeter 
FPobſervation de la ſechereſſe de l'air des montagnes, que 5; avois faite dans les 


ce fut humidite extreme que j'y obſervai. 

Te n *entreral pas dans le detail de la conſtruction de cet inſtrument, ue je n 
pu reprendre encore pour Pamener au point d'exactitude dont il eſt ſuſceptibic: 
il ſuffira de dire ici, qu'il eſt d'yvoĩre comme le premier que j avois Imagine, 
que {a monture eſt de verre, et que les effets de I'bumar ſur l'yvoire etant peu 


chaleur fur la monture; ce qui s' execute, comme dans les pendules compoſes, par 
1 expanſion en ſens contraire d'une lame de lẽton. II failloit donc determiner les 


rapports 
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the dilatations of braſs and glaſs b Sn and that was the 
occaſion which led me to Pyrometry. One cannot ad- 
yance a ſtep towards the improvement of any of the 


ſciences, without contributin g at the ſame time to brin g 
the others to the ſame level. 


Being thus obliged to know with ſome degree of accu- 
racy the relations of dilatations between braſs and glaſs, I 
began by conſidering the methods which had been made 
uſe of to eſtimate them, and found in them nothing but 
uncertainty. The mountings of the inſtruments were to 
be ſuſpected, and their influence not ſufficiently guarded 


againſt : Micrometers appeared to me uncertain; for 


wheels and levers are liable toalmoſt unavoidable i irregu- 
krities; ſimilar degrees of preſſure in the contact are dif— 
ficult to eftimate; ; and ſuch methods of increaſing ſmall 


phyſical 


— * 1 * K pe " 4 * . 


— — i. omit. * 


rapports des dilatations du leton et du verre par la chaleur; et c'eſt cet objet qui 
m'a jette dans la Pyrométrie. On ne fauroit faire avancer d'un dégré vers la 
perfection quelque branche des ſciences, fans qu'elle tende a porter les autres au: 
meme niveau. 

Me trouvant donc dans la neceſfitè de connoitre avec quelque preciſion ces 
rapports des dilatations du lẽton et du verre, je reflechis ſar les moyens qu on 
Noi: employes pour les detcrininer, et je n'y trouvai qu' ĩncertitude Les n on- 
lures des machines me parurent ſuſpectes; je ne trouyai pas qu'on fùt atlez a Pabri 
les effets de leur propre dilatation: les Micrometres ſurtour mc parurent peu fürs: 
ear des rouazes et des leviers font ſujets 5 des irregularites preſque inèvHables; des 


begrẽs ſemblables de preſſid hans les contacts font difficiles a ſaiſir; et agrandir 
N ainſi 
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Phyſical effects render them indeed more apparent, but 
do not at all contribute to their exact menſuration. 
I had heard the ingenious Mr. RAMSDEN ſay, that 
he had a notion of a Pyrometer different from all that 
had been invented; and knowing his great {kill in 
philoſophical and mechanical matters, I applied to him, 
and preſſed him to execute his idea. The multitude 
of his other engagements prevented his complying 
; with my requeſt; and he adviſed me to look no far- 
ther for the proportions of the expanſions of braſs and 
glaſs than to Mr. $MEATON'S experiments, which he 
looked upon, with reaſon, as the beſt that had been 
made. J. Still, however, upon my deſiring him to ex- 


plain by what means he thought of being able to cor- 


rect the faults of the ancient inſtruments, he was kind 


(a) Phil, Tranſ. 1754: 3 
enough 


ainſi les petits eſſets phyſiques, c'eſt bien les nd pens apparents, mais nulle- 
ment les meſurer avec exaCtitude. 
' Pavois oui dire à Pingenieux Mr, RAMSDEN, qu il avoit Pidee d'un Pyromẽtie 
different de tous les autres; et connoiſſant ſa grande intelligence dans les maticres 
de phyfique et de mechanique, Jeus recours à lui, et je le preſſai d'executer fon 
plan. Mais la multitude des objets qui Poccupent Ven empecha, et il me con- 
ſeilla de m'en tenir pour le rapport des expanſions du léton et du verre, aux 
experiences de Mr, 8MEATON, qu'il regardoit avec raiſon comme les plus ſures“. 
Je priai cependant Mr. RamsDEN de m'expliquer par quel moyen il comptoit 
de pouvoir eviter les defauts des machines anciennes; et il eut la complaiſance 
—_— o Phil, Tranſ. 1754 F 


* 


enough to do it, and told me, that he propoſed meaſuring 


the expanſions of bodies, by the Micrometer of a Mi- 
croſcope; by which means he ſhould obviate the greateſt 


mechanical difficulties. He added, moreover, that he 
had made a firſt trial of his method a _ while ago, 
and was aſſured of the ſucceſs. 


This idea ſtruck me, and being very deſirous of fol- 
lowing it in my preſent need, I determined, if I could hit 
upon any method within my compaſs of ability, to un- 


dertake to execute it myſelf. 


1 found many difficulties ſo long as 1 only thought 
of abſolute meaſures of the expanſions of bodies. 
was determined not to ſet to work without the hope | 
of makin g an inſtrument that ſhould be really an exact 
one, and the Micrometer always puzzled me. But 
coming Dappin to reflect that I did not want abſolute 

meaſures, 


de le faire. n me dit donc, qu'il ſe bed de we fas Saen dens hen : 
corps, au moyen du Micromttre d'un Microſcope; ; ce qui eviteroit les plus 
grandes difficultes mechaniques: il ajouta meme, qu 1] avoit fait depuis long tems 


un premier eſſai de cette methode, et qu'il Etoit perſuade du ſucces. 

Cette ĩdẽe me frappa; et defirant beaucoup d'en faire uſage dans mon beſoin 
preſent, 3 je me determinai à entreprendre de Vexecuter mot-meme, fi je pouvois- 
imaginer quelque moyen qui fit a ma portce. ; 

Je trouvai beaucoup de difficultes à cette entrepriſe, tant que je ne ſongeai 


qu des meſures abſolues des expanſions des corps. Je ne voulois pas mettre la: 


main a Vocuvre, ſans avoir Peſperance de faire une machine vraiment exacte; ec 
« Micromꝭètre m'embarafſoit toljours. Mais venant heureuſement a confiderer;, 
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meaſures, and that it was enough for me to find the pro. 
- portions of dilatibility between two different bodies, 1 
was led by that idea to a very ſimple method, which 
made all the difficulties vanith, and gave me the confi. 
dence I wanted to {et me to work. - Afterwards, indeed, 
1 went much farther than 1 expected in the abſolute mea- 
ſures themſelves, as I ſhall ſhew, after having firſt ex- 
plained how I propoſed to aſcertain the relative expan- 


ſions, and the great advantage of that method in Prac- 
tice, * 


Princi ple on which is fo unded the comparative meaſure of 
_ the expanſi ons of bodies by heat. 


I fappoſe % perſon to take two rods of the ſame ſort 
of ſubſtance, or of two different ſubſtances equally 


dilatable 


que je n'avois pas beſoin de meſures abſolues, et qu'il me ſuffiſoit de trouver avec 
certitude les rapports des dilatabilites de deux corps differens, je fus conduit par 
Ia A une idée fort fimple, ou toutes les difficultes &Evanouirent: ce qui me 
donna la confiance dont jayois beſoin pour mettre la main à l'oeuvre. Mais 
enſuite j'ai ẽtẽ plus loin que je n' aurois oſẽ eſperer, dans les meſures abſolues 
memes: C'eſt ce que j expoſerai, après avoir expliquẽ d'abord, comment je me 
propoſai de trouver les expanſions relatives, et la ſuretẽ qu'il y a dans la pra- 
tique en les enviſageant ſous ce point de vuè. 


Principe de meſure comparative des expanſions des corps par la chaleur. 
Je ſuppoſe () qu'on prenne deux branches de meme maticre, ou de maticres 
ẽgalement dilatables par la chaleur, et que, les poſant l'une ſur Pautre, on les 


0% See plate. y11. fig. 1. and its explanation. lie 
3 


18 
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dilatable by heat, and laying them one over the other, to 
rivet them together at one of their ends. If then they 
are ſolidly ſuſpended by the oppoſite end of one of the 
rods only, and on the free rod there be marked a point, 
at the level of the point of ſuſpenſion of the other; theſe 
two points will remain equally immoveable, whatever 
be the heat which affects the two rods, ſo long as it 
affects them equally : for the expanſion downwards in 
the fixed rod will be compenſated by the expanſion up- 
wards in that which is free; - and conſequently, the 
point marked upon this will always remain equally high, 


that is, correſponding in the ſame manner with the 


point of ſuſpenſion of the other; ſo the proportion of 


expanſions of the two rods will be that of equality, ſince 


the diſtances from the point of union of the rods to 
the two > immoveable points will be equal; and that, con- 
ſequently, 


lie enſemble par un de leurs bouts: ſi on les ſuſpend ſolidement par le bout 
oppoſe de Pune des branches ſeulement, et qu'on marque un point {ur la branche 
libre vis à vis du point de ſuſpenſion de Pautre, ces deux points reſteront 
&alement immobiles, quelle que ſoit la chaleur qui affecte les deux branches, 
dis que ce ſera également: car Vallongement vers le bas dans la branche hxce, 
era compenſe par Pallongement vers le haut dans la branche libre; et par con- 
kquent le point marque ſur celle- ci, reſtera toũjours exactement a la meme 
hauteur, C'eſt à dire vis à vis du point de ſuſpenſion de Pautre, Ainſi le rapport 
des expanfibilitẽs des deux branches, fera celui d'cgalitez puiſque la diſtance du 
point de reunion des branches, aux deux points immobiles, {era la meme, et que 

Vor, LXVIII. E e e par 


„ © 
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ſequently, the ſame length of the two ſubſtances will be 
requiſite to produce the ſamelen gthenin gof them by heat. 
But if the free rod ſhould have more or leſs expanſibi- 
| lity than the fixed rod, the immoveable point of the for- 
mer will not be any longer at the ſame height as the Point 
of ſuſ] penſion of the latter; it will be lower, if 1 its expanſibi- 
lity be greater, becauſe a leſs length of this rod will be re. 
quired to make up for the whole lengthening of theother, 
It will be higher, on the contrary, if its expanſibility be 
leſs; and the diſtances, from the point immoveable by 
ſuſpenſion, and the point immoveable by compenſation, 
to the point of union, will be always in the inverſe 
ratio of the expanſibility of the two ſubſtances. 
- then we can find this immoveable point by com- 
penſation, and its diſtance from the point of union, that 
of the point of ſuſpenſion ding given, we : ſhall have the 
relation 


— 


par conſequent il aura fally une meme longueur 5 deux matizres, pour * 
duire un meme allongement par la chaleu.. 
Mais fi la branche libre a plus ou moins & expanſbilits que la branche fue, 
le point immobile de la premiè re, ne ſera plus vis à vis du point de ſuſpenſion de 
Pautre: il ſera plus bas ſi ſon expanſibilitẽ eſt plus grande; parce qu'il faudra moins 
de longueur de cette branche, pour compenſer tout Pallongement de l'autre: il 
ſera plus haut au contraire, fi ſon expanſibilite eſt moindre: et les diftances du 
point de reunion, au point immobile par la ſuſpenſion et au point immobile par 
compenſation, ſeront toũjours en raiſon inverſe de Pexpanſibilite des deux matières. 
Trouver donc ce point immobile par compenſation, et fa diſtaace au point de 


reunion, celle du point de ſuſpenſion etant connue, ce ſera trouver le rapport des 
expanſibilites 
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relation of the expanſibilities of the two ſubſtances. 


Now nothing is eaſier than to do this by means of a Mi- 
croſcope, furniſhed with a ſingle immoveable wire; for 


the wire being fitted to a point of the free rod, and the 
two rods being equally warmed, it this point moves, it is 
a ſign that it is not that which is ſought for, which will 
then ſoon be found by pointing the Microſcope higher 
or lower on the free rod, according to what ſhall have | 
been indicated by the firſt trials. 
Thus then will the relation of the expanſibilities of 
two ſubſtances be procured without the neceſſity of hav- 


ing recourſe to any Micrometer; conſequentl y without the 
riſks of the errors thoſe inſtruments are ſubject to, when 


they are uſed in very nice meaſures. All that will be 
for the exactneſs of the obſervations will only 


be, 


| expanſibilites des deux matiẽres. Or il eſt tris aiſe de le trouver par le moyen d'un 
Microſcope muni d'un ſeul fil immobile. Car en ajuſtant ce fil fur un point de la 

branche libre, et ẽchauffant ẽgalement les deux branches, f ce point ſe meut, 
ee ne ſera pas celui qu'on cherche; mais on le trouvera bientot par tatonnement, 


en pointant le Microſcope plus haut ou plus bas ſur la branche libre, ſuivant que 


les premigres tentatives Pauront indiquẽ. 


On aura donc ainſi les rapports des expanſibilits de deux maticres, ſans 
beſoin de Micrometre, et par conſequent ſans etre expoſe aux erreurs 


qu il pourroit introduire dans des meſures auffi delicates: et tout ce qui 


eſt neceſſaire = rexactitude ne conſiſte qu'à S aſſurer, qu un Microſcope 
Eee 2 1 
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de, to be aff red, that, whilſt the ſubſtances compared are 

warming, a Microſcope and a point of fuſpenſi ion will be 
ſecured from being diſturbed by * motion; > Which is 
not very difficult. 


Deſcription of an inflrument; duden 70 — out the com. 
. farative expanfi bilities of bodies by beat. 


1 flatter myſelf, that a deſcription will make this in- 

ſtrument ſufficiently underſtood to render it unneceſſary 
for me to give a figure of it: ſhould the Society, how- 
ever, be deſirous of having a drawing of it, ſhall with 


Pleaſure obey their commands (. 

The baſis of the inſtrument i 18 a rectangular piece of 
deal-board,, very ſtrait-grained, two feet and a half long, 
fifteen inches broad, and one inch and a half thick: it is 
to this that. all the other parts are fixed. The firſt thing 
I did 


h— fl * * 4 _ 4 - 4 * * 1 


p g - . . - : J * , . 45 - . N F : 


et un 080 fs enten 1 mis à 3 Tabri de tout mouvement, 5 qa 'on 
echauffera les matières COMPAreesz ce qui n elt pas bien difficile. 


Deferi pti on of un infrument a: Nini d d trouver hs expanſibilites comparatives des corps 
par la chaleur. 


Je crois pouvoir me diſpenſer de donner une figure de ma machine, parce que 
| Felpere qu'une ſimple deſcription la fera comprendre. Si cependant la Societs 
Royale ſouhaitoit que je la fille deſſiner, je me conformerois à ſon intention (c). 

Une planche de ſapin a fibres bien droites, de 24 pieds de long, 15 pouces de 
large, et 12 pouce d'epaiſſeur, fait la baſe de la machine. C'eſt à cette planche 


e See poke II. fig. 2. and its explanation. 
que 
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I did was, to mount it in the manner of a table, with four 
deal legs, each a foot long, and an inch and a half ſquare, 
very ſolidly fitted near its four angles, and kept togetlier 
at the other ends by four croſs pieces, likewiſe very ſolid. 
Iſhall always conſider this ſmall table as hung to a ſtand, 
capable of being tranſported to whatever part there is 
moſt light in; the board being in a vertical ſituation in the 
direction of its grain, and bearing i its legs forward in ſuch 
2 manner as that the croſs Pieces which j Join them may 


form a frame, likewiſe Placed vertically ""_ the ob- 
ſerver. 

This frame ſuſtains the Microſcope, which 18 firmly 5 
fixed in another frame that moves in the former 3 


means of grooves; but with ſuch A degree of tightneſs as. 

to render j it neceflary to-uſe ſmall ſtrokes of a hammer i _ 

order to make it flide. The preſſure of four ſcrews 
Will 


Ann 


que ſont attachees toutes les autres parties. Je Pai montẽe d' aberd comme une 
petite table, ayant quatre jambes de ſapin d un pied de long et d' 14 pouce en 
quarre, poſẽes bien ſolidement pres de ſes quatre angles, et reunies a Pautre extrẽ- 
mite par quatre traverſes auſſi tres ſolides. Je ſuppoſerai toujours cette petite 
table ſuſpendue a un ſupport propre a Etre tranſporte la ou Von aura le plus de 
lumière, fa planche étant dans une fituation verticale dans la direction de ſes 
lib es, et portant ſes quatre jambes en avant, de manicre que les traverſes qui 
les reuniflent forment un cadre, fitue auſſi verticalement en face de l'obſervateur. 
| C'eſt à ce cadre qu'eſt ſolidement adapté le Microſcope, dans un chaſſis 
qui monte et deſcend à couliſſe, et avec aſſez de juſteſſe, pour qu'il faille 
employer de coups de marteau pour le faire mouvoir: la preſſion de 
quatre 


* 5 
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will give it the degree of friction one thinks proper. 7 
preferred this mode to that of moving the Microſcope 
by a ſcrew, becauſe this laſt would have required meta], 
which is more ſuſceptible of the impreſſions of heat than 
deal is; and becauſe the execution of 1 it would have been 
longer, and more expenſive, from the degree of perfec- 
tion it would have required, whilſt this ſimple _ 
has ſucceeded perfectly well. 

The inner ſlidin g frame, which! 18 likewiſe of deal; „Keeps 
the tube of the Microſcope in an horizontal poſition, 
and in great part without the frame, inſomuch that the 
end which carries the lens is but little within the ſpace 
between the frame and the board. This Microſcope 
is conſtructed in ſuch a manner as that the object 
obſerved may- be an inch diſtant from the lens, and 


it 


quatre vis lui donne le degre de frottement que Ion veut. Pai prefers ce 
moyen, à celui de conduire le Microſcope par une vis; parce que ce dernier 
auroit exigẽ du mẽtal, plus ſuſceptible des impreſſions de la chaleur que le ſapin; 
et que l execution auroit ete plus longue et plus diſpendieuſe, par La perfection 
qu'elle cat exige: tandis que cette voye ſimple a parfaitement reuffi, 
Le chaſfis, qui eſt auffi de ſapin, tient le tube du Microicope ſituẽ horizon- 
talement, et en grande partie au dehors du cadre; tellement que le bout qui porte 
la lentille n'eft que fort peu en dedans de Peipace compris entre le cadre et l 
planche. Ce Microſcope eſt conſtruit de maniere, que ak obſervẽ peut etie 
4 SL a un 
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it has a wire which is ſituated in the focus of the glaſſes 
in which the objects appear reverſed. 

At the top of the apparatus there is a piece of deal, 
an inch and a half thick, and two inches broad, lain in 
an horizontal direction from the board to the top of the 
frame. It is this piece to which the rods of the different 
ſubſtances, whoſe expanſion by heat one wants to mea- 
ſure, are ſuſpended: one end of it ſlides into a ſocket, 
which is cut in the thickneſs of the board; and the 
other end, which reſts upon the frame, meets there 
with a ſcrew which makes the piece move backwards 
and forwards, to bring the objects to the focus of the . 
Microſcope. There is a cork very ſtron gly driven throu gh 
a hole bored vertically through this piece; and it is in 
another hole, likewiſe vertical, made throu gh the cork, 
that 


— 


à un pouce de diftance de la lentille; et il Neri un fi au aw des 1 verres, ou les 
objets ſe peignent renverſes. 
Au haut de Papparcil eft une pizce de Goin, d'un pouce et demi Pepaiſſeur et 
de deux pouces de largeur, qui part horizontalement de la planche et vient ſe 
repoſer ſur le haut du cadre. C'eſt à cette piece que ſont ſuſpendues verticale- 
ment les branches des diverſes matières dont on veut meſurer l'expanſion par la 
chaleur: elle gliſſe par un bout, en tenon, dans une mortaiſe percee dans Vepaif- | 
ſeur de la planche; et l'autre bout, qui repoſe ſur la cadre, y eft regu par une 
vis qui fait mouvoir la pièce en arrière ou en avant, pour amener les objets au 
foyer du Microſcope. Un bouchon de liege paſſe avec force par un trou perce 
vercicalement dans cette es; et c'eſt par un trou, auſſi vertical, qui traverſe 
.CC 
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432 Mr. DE LUC on 
that the rods are fixed at the top: ſo that they hang only, 
and their dilatation is not counteracted by any preſſure. 
In order to convince myſelf of the ſolidity of this in- 
ſtrument, I adjuſted the wire of the Microſcope upon x 
point of a rod thus ſuſpended, and left it in that ſtate fa 
ſeveral hours, during which I not only moved but ſtruck 
the machine, without perceiving any change in the rela- 
f tive poſition between the * and the wire, Which per- 
fectly anſwered my end. 
The next thing to be done was to heat my rods: for 
this purpoſe I procured a cylindrical bottle of thin glaſs 
about twenty-one inches high, and four inches in dia 
meter, which I Placed in the inſide of my machine, 
upon a ſtand independent of the reſt of the apparatus, 
The rods are ſuſpended i in this b bottle at a little leſs thanan 
inch 


all. 6 


ce liege, que les branches ſont retenues par leur bout ſuperieur: elles ſont ainh 
implement ſuſpendues, et * con quent leur dilatation ne ſe conſume a aucun 
= 
| Pour m'aſſurer de la ſolidite de cette machine, J zjultai le fil du Microſcope ſur 
un point d'une branche ainſi ſuſpendue, et je le laiſſai dans cet ẽtat pendant plu- 
ſieurs heures, en tranſportant et heurtant meme la machine, fans appercevoit 
aucun changement dans le rapport du point avec le fil: ce qui repondoit parfaite- 
ment à mon but. | 
Il s'agiſſoit alors qechauffer mes branches. Je fis faire pour cela une bou- 
teille cylindrique de verre mince, de 21 pouces de haut et de 4 pouces de dia- 
metre, que je plagai dans Vintericur de ma machine ſur un ſupport independaa! 
de tout le reſte de Vappareil, Les branches pendent dans cette bouteille a un p®% 
7 10105 


%% = as 


inch diſtance from one of the ſides, in order to have 
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them near the Microſcope. I poured into this bottle water 
of different degrees of heat, which I ſtirred about with 
alittle piece of wood, faſtened horizontally at the end of a 
ſtick, which I moved upwards and downwards at one 


of the ſides of the bottle; in this water I hung a ther- 
mometer, the ball of which reached to the middle of the 


height of the rods. 


The water during theſe operations riſes to the cork, 
which thus determines the length of the heated part: 


the bottle is covered, to prevent the water from cool- 


ing too rapidly at the ſurface; and a thin caſe of braſs 


prevents the depoſit of the vapor upon the piece of deal 
to which the rods are fixed. 


This 


moins d'une pouce de diſtance de l'un des cotes, parce qu'il faut qu'elles ſoyent à 


portẽe du Microſcope. Je verſe de l'eau a diverſes temperatures dans cette bou- 
teille, et pendant les experiences, Jagite cette eau par le moyen d'une petite 


planchette tenue horizontalement au bout d'un biton, que je fais mouvoir de 


haut en bas et de bas en haut a l'un des cotes de la bouteille. Je ſuſpends dans 


cette eau un Thermometre dont la boule atteint le milieu de la hauteur des 
branches, 


Leau, pendant les operations, s'cleve juſqu'au liège, qui determine aiofi la 
longueur de la partie ẽchauffè'e. La bouteille a un couvercle, pour empecher le 


efroidifſement trop rapide de Peau A la ſurface; et un ẽtui de leton mince 
empeche ſa vapeur de ſe depoſer ſur la piece de ſapin ou les branches ſont fixẽes. 
Vor. LXVIII. 21 Voila 
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434 Mr. DE LUC on 
his is a ſketch of my machine, the whole of which 
conſiſts in the keeping the Microſcope and the point of 
ſuſpenſion of the rods free from motion during the 
obſervation, and in heating the rods with water. I will 
now give an account of the experiments I have made 


with it. 


Application of the method of finding the proportions between 
the expanſ bilities of different matters by heat. Deter 

mination of tbe relative expanyi bilities of braſs and 
lhe 


The firſt experiment E made with this machine 1 Was 

that which I wanted for my Hygrometer. 1 took a 
- glaſs tube, ſimilar to thoſe which are made uſe of for 
common 


voila | 4015 de cette machine, ou tout confiſte 3 A rendre le Microſcope etl 
point de ſuſpenſion des branches a Pabri de mouvement pendant Pobſcrvation; 
eta Echauffer les branches "ue le moycn de eau. Je vais maintenant renre 
compte des expèriences que j'ai faites Par lon moyen. 


Afplication de lu 1 de trouver les rapports 455 expanſebilitts de matieres dif- 
e erentes par la chaleur.— Determination des Xpanſib? llitès reiatives an liten et du 
verre. 


La premiere experience que je fis avec cette machine, fut celle dont j'avois 
beſoin pour mon Hygromctre. Je pris une bran he de verre percee, ſeinblable“ 
celles qu'on einploye aux Baromètres communs dont le tube eſt fort Epais: ces 

dubes 


4/4 


id 


701 


Ces 


les 
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common Barometers; that which I uſed for the frame of 
my Hygrometer, and on which I made the experiment, 


had an external diameter of about three-eighths, and an 


internal of about one-eighth of an inch: the rod was from 
twenty-one to twenty-twoinches long, but it paſſed under 


thecork only eighteen En glith inches, reckonin g from the 
point to which was fixed at its bottom the lamella of braſs 
the dilatation of which I wanted to compare with that of 
the glaſs. The lamella was applied from this point length- ; 
ways and upwards alon g the tube: it had been made thin 
by rollers, to render it the more elaſtic; and as it was too 
thin to ſupport itſelf upright, I kept it ſtretched in 
: that direction by means of a thread, which, going over 
2 pulley, bore at its other end a weight fit to give it ; 

the ſame degree of tenſion which it has in 2 my Hygrome- 

or 


Upon 


— 8 111 


* . . : © . 
Sr 


tubes dont je fais uſage pour la monture de mes Hygrometres, et que je ſoumis a 


experience, ont environ ; de pouce de diamètre extérieur, et d' a Vintericur. 
Le tube que jemploiai avoit 21 2 22 pouces de long, mais il n'excëdoit le liege 


que de 18 pouces Anglois, à compter du point ol ẽtoit ſixce dans le bas la lame de 


leton dont je voulois comparer la dilatation avec celle du verre. De ce point, la 


lame de leton s'elevoit le long du tube. Elle ẽtoit faite au laminoir pour la rendre 


p.us elaſtique; et comme elle ſe trouvoit trop mince pour fe ſoutenir de bout par 


elle- mẽme, je la tenois tendue dans cette direction par un fil, qui, paſſant ſur 


une poulie, portoit a fon autre bout un poids propre a luĩ donner le meme degre de 


tention Ju elle eprouve dans mon Hygrometre, 
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436 Mr. DE LUC on 
Upon this lamella I had marked a ſcale which be- 
gan at its point of union with the glaſs, and was divided 
into ſmall equal parts at the ſpace along which I thought 
I might be obliged to move my Microſcope, in order to 
look for the point which would neither riſe nor fall 
by the variations of the heat. 
Hitherto the difficulties had been inconſi derable, o 
5 rather I had experienced none at all: but it was not ſo in 
the phyſical | inquiry which was my firſt object. The 
nearer we ſurvey nature, the more we ſee of the diffi- 
culty there is in unfolding her myſteries; as in the affairs 
of ordinary life, thoſe ever find them the moſt difficult, 
ho underſtand them beſt. The moral and phyſical 


Microſcope are equally * to render men cautious in 


5 their theories. 5 
The 


* ——_— 


Pavois trace for cette lame uue echelle qui pardoit de ſon point 45 rẽunion 
avec le verre, diviſce en petites parties Egales dans Petendue ou je penſois pou- 
voir etre oblige de promener mon Mieroſcope pour chercher ce point fixe, 
eſt a dire le point qui ne monteroit ni ne deſcendroit par les variations de la 
chaleur. 

Les difficult65 avoient &te fort peu confidezables juſques 1a, ou plut6t je n'en 
avois eprouve aucune. Mais il n'en fut pas de meme dans la recherche phy- 
fique qui toit mon premier objet. Plus nous voyons de pres la Nature, plus 
nous appercevons les dificultes qu'elle oppoſe i ſe laiſſer devoiler. C'eſt aink 
que dans les affaires memes de la vie, il n'y a perſonne qui les trouve plus diff 
ciles que ceux qui les voyent le mieux. Le Microſcope, phy fique ou moral, eſt 
bien fait pour rendre homme circonſpe& dans ſes theories, 


La 
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The firſt phyſical difficulty I met with was not new 
to me: I had already met with it in two different ma- 
chines in which I had made uſe of metals; in the one, 


to mark the variations of the heat; in the other, to com- 


penſate the effects of it: it was the irregular dilatations 
of metals. 

The laſt of theſe machines, which i is that on which I 
have beſtowed the moſt care, and which 1 have ſtudied 
with the greateſt attention, corrects the effects of the ; 
heat upon a Barometer, and upon an H ygrometer of my 
firſt conſtruction, which is joined to it. A ſtrong rod of 


well hardened braſs ſupports upon an edge, at a con- 
venient diſtance from the center of motion, a lever, 


which holds the ſcale of the Barometer ſuſpended, and : 
makes it riſe or fall by the dilatation or condenſa- 
tion of the braſs rod, as the quickſilver riſes or falls | 

the 


11 1 


D 


La premizre des difficultes phyſiques que j'ai rencontrees ne m'ẽtoĩt pas in- 
connue: je l'avois deja Eprouvee en deux machines differentes on Javols em- 
ploye des mEtaux, dans Pune pour marquer les variations de la chaleur, et dans 
l'autre pour en compenſer les effets; c'eſt Pirregutarits des dilat. ations des metaux. _ 

La dernière de ces machines, qui eſt celle à laquelle j'avois d-nne le plus de 
ſoin, et que Pai ẽtudiee avce le plus d' attention, corrige les effets de la chaleur 
ar un Barometre, et ſur un Hygromẽètre de ma premicre conſtruction qui lui eſt 


joint. Une forte branche de léton, bien durcie 2 la filiere, ſoutient ſur un 


anchant, à une diſtance convenable du centre de mouvement, un levier qui 
ent ſuſpendue Pechelle du Barometre, et qui la fait monter ou deicendre, par la 
«latation ou condenſation de la branche de leton, comme le mercure monte ou 


3 = deſcend 
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the Barometer, by the correſponding variations of heat. 
This ſcale of the Barometer, when it moves, draws or 
looſens a thread of ſilk-graſs, which goes over a ſmall 
pulley placed upon the ſame axis with a much larger 
one, to which the ſcale of the Hygrometer is hung 
likewiſe by a fimilar thread, which thus varies, by the 
proportion of the diameters of the pullies, as the heat 
makes the quickſfilver 1 in the Hygrometer vary. 
This inſtrument is extremely convenient for meteoro- 
logical obſervations, becauſe it ſaves one obſervation, and 
two corrections for the heat, and th us makes a ſaving of 
ti ime, which! isſ] pecially precious to the Aſtronomer, who has 
ſo many objects of attention. But it is neceſſary from time 
to time to correct an irregularity i in it, which one eaſily 

perceives by means of an index carried by the moveable 
ſcale 


Y n 


1 — — 


deſcend dans le Barometre par les variations correſpondantes de 1a chaleur 
Cette cchelle du Paromttre, dans ſes mouvemens, tire ou rel: che un fil de pite, 
qui paſſe ſur une petite poulie, miſe ſur un meme axe avec une autre beaucoup ples 
grande 7 a laquelle pend, auffi par un fil de pite, Fechelle de PHygromectre, qi 
varie ainſi, par le rapport des diametres des poulies, comme la chaleur fi 
varier le mercure de PHygrom<tre, 
Cct inſtrument et tres commode pour les obſervations mẽtẽorologiques, parc! 
qu'il diſpenſe d'une obſervation et de deux corrections pour la chaleur, et qu" 
epargne ainſi du tems; œconomie principalement utile a PAſtronome, qu! 4 
tant d' objets d'attention à la fois. Mais il faut y corriger de tems en tems une 


* qu” on appergoit aiſẽment Par le moyen d'un index que portent les 
. 
echell-s 
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ſcales of the two inſtruments, which, going over im- 
moveable ſcales of the ſame ſort, ſhews their dif- 
ference of height. When this difference is no longer 


conformable to the indication of the Thermometer, it is 


eaſily rectified by turning ſmall pegs, on which are 


 twitted the thread of filk-graſs which ſerves for the ſaf- 


penſion of the ſcales. 
The irregularity of which I have been ſpeaking con- 


fiſts in this, that when the heat, after having varied, 
returns to the ſame point of the quickfilver Thermome- 


ter, the metallic Thermometer does not return to it 
exactly, but varies nearly in the following manner. 


| During the ſummer the metallic Thermometer gains con- 


ſtantly on the other; I mean, that amidſt its variations, 
it always preſerves a ſmall part of the lengthening, 


which 


tchelles mobiles des deux inſtrumens, et qui, paſſant ſur des echelles immobiles : 
ſemblables, fait voir ainfi leur difference de hauteur. Si cette difference ceſſe 


| Otre conforme à Vindication du Thermometre, on la reQifie aiſement, en tour- 


nant de petites chevilles ſur leſquelles s 'enveloppent les hls de pite qui fervent à 

la ſuſpenſion des Echelles. 
 Virregularits dont il s'agit conſiſte en ce que, lorſque la chaleur, apres avoir 
varie, revient au meme point ſur le Thermom:tre de mercure, le Thermometre 
me nenn n'y revient pas toũjours exactement; et la mar-he des irregularités 
eſt «&!ic-ci; en Fre, le thermomꝭ tre metalliquz gagne de plus en plus ſur P'autre; 
ct a dire que, dans ies var ations, il conferye W quelque petite partie de 
Pallonge- 


440 Mr. DE LUC on 
which is at that time its ordinary ſtate. In winter, on 
the contrary, it becomes inſenſibly a little too ſhort. 
The other metallic Thermometer I have mentioned i; 
made of lead. I made it ſeven or eight and twenty years 
ago, for an inſtrument which 1s more agreeable than 
uſeful, on account of its irregularity. A rod of lead, 
communicating by a thread of ſilK-graſs, with a ſmall 
pulley fixed to the ſame axis with a greater one, con- 
ducts, by means of another pulley, a needle through 
whoſe axis, which is bored, paſles another axis which | 
carries the needle of a pulley Barometer. Thus this in- 
ſtrument marks the heat and weight of the air upon 
two concentric circles, by means of two needles turn- 
ing upon the ſame center, as in clocks; beſides which, 
3 needle of the Thermometer points out upon 2 
third circle the correction for the beat, to be made 
on 


1 


Pallongement qu fait alors ſon ẽtat ordinaire: en hiver au contraire, il devient 
;nfenfiblement un peu trop court, 
' L'autre I hermomètre metallique dont j'ai parle, eſt de plomb. Je le fis il 
y a 27 ou 28 ans pour une machine plus agreable qu' utile à cauſe de fon irregu- 
larite, Une branche de plomb, communiquant auſſi par un fil de pite avec 
une petite poulie, miſe ſur un meme axe avec une plus grande, conduit, par 
une autre poulie et au moyen dun contrepoids, une aiguille, dont Vaxe 
percẽ, laiſſe paſſer celui qui porte P'aiguille d'un Barometre à poulie. Ain 
cet inſtrument marque ſur deux cercles concentriques la chaleur et le poids 
de Pair, par deux aiguilles tournant ſur un meme centre, comme dans les 
pendules; et celle du Thermomttre indique de plus ſur un troiſième cercle, 
| h 


5 


wood, of which the frame was made, appeared a little 
ſuſpicious on account of the humidity. 
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on the Barometer, which at that u I had * de- 
termined. 

The irregularities of chis laſt metallic Thermometer 


are of the fame nature, but much more conſiderable than 


thoſe of the other: this had already made me ſuſpect, 
that they proceeded from the metal itſelf, though the 


1 met with the ſame effects in my laſt experiments, 


| when the frame no longer interfered; ; and the irregularity 


ſhewed itſelf 1 in this manner, Whenever I had obſerved 


the point at which 1 ray Microſcope pointed upon the la- 

mella of braſs, which was ſuſpended, with the rod of 

| glaſs, in water at the temperature of the air, and 

then put Warm water in the room of this; if I cooled the 
water 
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la i a ; faire pour ha chaleur ſur le — que Tavois aa 8 
mince alors. 


Les irregularites & ce dernier — mẽtallique, qui fant de meme 
nature que celles de Pautze, font encore beaucoup plus grandes; ce qui m avoit 
| ja fait ſoupgonner qu'elles procedoient du metal meme; quoique la monture, 
qui eſt de bois dans les deux machines, mn fut un peu n à cauſe de 


Pnumidité. 
Dans mes dernieres experiences Jai ẽprouvẽ les memes effets; et ici * mon- 


de lẽton ſuſpendue avec la branche de verre dans Peau a la temperature de l'air, 
et que je ſubſtituois à cette eau de Peau chaude; ſi je refreidiſſois l'eau peu a peu, 
Vor. LXVIII. * G 5 8 — 


- 2 Ws * 
2 —* 2 
=— —_ — — 
22 —— — — — 


ture r'toit plus une raiſon de doute. Voici comment cette irrẽgularitẽ ſe ma- 
difcſtoit, Quand Javois obſerve le point od mon Microſcope viſoit fur la lame 
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water by degrees, I found that the lamella of braſs pre- 
ſerved a little of its lengthening. I did not ſuſpect the 
rod of glaſs, becauſe the elaſticity of this ſubſtance is 
phyſically perfect, and that this quality ſeems to me to 
be proper to bring back bodies to the ſame ſtate, when- 
ever the cauſes, of whatnature ſoever they be, which have 
drawn them from it, ceaſe: and I had ſoon after direQeyi- 
dence of the irregularity not proceeding from the glaſs. 
It was eafy for me to find the proportion of the lengths 
of the braſs and the glaſs, which, chan ging ſuddenly the 
water, which had the ſame temperature as the air, for 
warm water, produced no difference in the hei ghth of 
the point upon which the Microſcope pointed: which 
| ſhewed that the two ſubſtances had been equally ex- 
: panded i in . directions; but when I afterwards 
yoo 


* — — n 


je trouvois que la lame de lẽton conſervoit un peu de ſon allongement. Je ne 
ſuſpectois pas la branche de verre; vu que PFelafticite de cette matiere eſt phy- 

fiquement parfaite, et que cette qualite me paroit propre a ramener les corps au 
meme erat, quand les cauſes, quelles qu'elles ſoyent, qui les en ont tires, vien- 
nent a ceſſer: et j eus lieu enſuite de reconnoitre immediatement que Pirregu- 
tarite ne venoit pas du verre. 

I] me fut aiſe de trouver la proportion des longueurs du lẽton et du verre par 
laquelle, changeant tout a coup Veau qui ẽtoit à la temperature de Pair, en de 
Peau chaude, il ne ſe trouvoit aucune difference dans la hauteur du point fur 
lequel le Microſcope viſoit: ce qui montroit que les expanſions des deux maticres 
en ſens contraires avoient Ete ẽgales. Mais en diminuant enſuite par degres la 
1 chaleur 


Pyrometry and Areometry, 8c. 443 


gradually diminiſhed the heat of the water, this point 
roſe little by little; that is to ſay, the lamella of braſs pre- 
ſerved a part of its lengthening, whilſt the rod of glaſs 
contracted. itſelf to the ſame point at which it was at the 

beginning of the experiments. After a number of ſimi- 
lar trials, which always ended in the ſame manner, 1 
went to work another way: when no change had been 
produced in the heighth of the Point, by the ſudden 
change of water of the ſame temperature as the air 
into warm water, I immediately put, in the place of 
that warm water, water of the ſame temperature as 
the air, and i in that caſe the point did not chan ge nei- 
ther. 


It will not be uſeleſs to mention here, that 1 had 


in my bottle a ſyphon with a cock, by which I drew 


out the water without motion; - and that I poured it 


in 


chaleur de Peau, ce point s'elevoit peu a peu; c'eſt a dire que la lame de lẽton con- 
ſervoit une partie de ſon allongement, tandis que la branche de verre ſe contrac- 
toit au mẽme point oũ elle l'ẽtoĩt au commencement de l' experience. 


Apres nombre de tentatives de meme efpece, dont les reſultats furent todl- 


jours ſemblables, je procedai Pune autre maniere. Lorſque, par le changement 
ſubit de Peau qui Etoit à la temperature de Vair, en eau chaude, il ne s ẽtoĩt fait 
zucun changement dans la hauteur du point, je ſubſtituois, ſubitement auſſi, a 


cette eau chaude, de Veau a la „ — de Pair; et alors le point ne changeoĩt 


pas non plus. 
II ne ſera pas inutile de dire ici, que p avois un ſyphon a à robinet dans ma bou- 
teille, par lequel je retirois Peau ſans mouvement; et que je Py verſois au travers 
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444 Mr. Dr Luc on 
in through a long tunnel, by which means every thing 
remained quiet during the time of the experiment. 
By comparing theſe two obſervations together, it 
ſhould ſeem, that when the igneous fluid is agitated for 
ſome time, in ſubſtances, the particles of which have not 
that ſtrong tendency towards each other which conſti- 
tutes claſticity, it produces ſome change in the arrange 
ment of theſe particles, wHich hinders the compound 
from reſuming the ſame bulk upon the return of the 
fame degree of heat; a change which there is not time to 
bring about, when the variations are ſudden, if there be 
at leaſt ſome elaſticity in the matter. 
In ſupport of this we already know, that glaſs, the 
moſt elaſtic of known ſubſtances, is not ſubject to this 
irregularity, as I ſhall ſoon ſhew; that braſs, which 15 
much len elaſtic, 18 an affected by it; and that lead, 
the 


. : - 


— —— 


Mun entonnoir à long tuyau. Ainſi tout reſtoit tranquille pendant Pexperience. 
Ces deux obſervations comparees ſemblent donc indiquer, que lorſque le 
fluide 1gne Sagite pendant quelque tems dans les maticres dont les particules 
n' ont pas entr'clles cette forte tendance qui fait Pelaſticite, il produit dans Par- 
rangement de ces particules quelque changement, qui empeche les compoſẽs de 
reprendre exactement le meme volume quand le meme degre de chaleur revient? 
ehangement qui n'a pas le tems de s'effectuer, lorſque les variations ſont ſubites, 
s'il y a du moins quelque claſticite dans la matiere, 
Nous avons deja pour fondement de cette idce, que le verre, la plus claflique 
des matiꝭ res connues, n eſt pas ſujet 2 a cette irrẽgularitẽ, comme je le montrerai 
bientot; que le lẽton, bien moins elaſtique, Va ſenſiblement; et que le plomb, 
— 
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the leaſt elaſtic of all metals, is ſtill more ſubje to it than 
braſs, as I have experienced in my Thermometer made 
of it. Beſides, this ſeems to have an abſolute dependance 
upon that general law, that the leſs elaſticity ſubſtances 


have, the leſs time is neceſſary to make them take the 


bent one means to give them: lead takes it inſtan- 
taneouſly; glaſs never takes it at all. A ball of the crumb 
of bread, which one fo eaſi ly faſhions in one's fingers, 


preſerves. its form when it is thrown with violence 


againſt a plain ſarface; becauſe the fluid which conſti- 


tutes its elaſticity has not time to eſcape. Wood, braſs, 
and ſteel, reſiſt, but in the end give way. This effect i is 
probably the ſame with that which the humor produces 

in the bodies it penetrates, which by degrees likewiſe 
take the habit of their ſtate; and this ſo much the more 


as 


le moins Elaſtique de tous les mẽtaux, y eſt encore beaucoup plus ſujet que le 


kton, comme je Vai vu dans mon Thermometre fait de cette maticre. D'ailleurs 


la me paroit rentrer abſolument dans ce phenomene fi general; que moins les 
matieres ont d' ẽlaſticitẽ, moins il faut de tems pour leur faire contraQter le plis 


qu'on leur donne: le plomb le prend dans l'inſtant; le verre ne le prend jamais; 


une balle de mie de pain, qu'on fagonne ſi aiſẽment entre ſes doigts, conſerve ſa 


forme en bondiffant, quand on la jette avec violence contre une ſurface unie, 
paree que le flaide qui fait fon elafticit n'a pas le tems de s chapper; le bois, 
le Icton, P'acier, reſiſtent, mais enfin fe rendent. Cet effet eſt probablement le 
meme que celui que produit I'humor dans les corps qu'elle penetre, auxquels 
nous yoyons auſſfi prendre peu à peu Vhabitude de leur Erat, et ꝙ autant plus 
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as they are leſs elaſtic: this is what made me chuſe to 
make my Hygrometer of ivory, as I have already ſaid in 
my paper on that ſubject. 

If this conjecture upon the effects of heat in bodies 
which have little elaſticity be grounded, as I think it I5, 
clocks would gain ſome more regularity, if in the compo- 
fition of their pendulum, glaſs were uſed inſtead of ſteel, 

and bell- metal inſtead of brals; for theſe two ſubſtances 
: being the moſt elaſtic we are acquainted with, by uniting 
them we ſhould be much ſurer of preſerving the ſame 
5 length of the pendulum i in the variations of the heat. 
There would be another ſmall advantage i in making 
uſe of theſe ſubſtances, which is, that bell or mirrour 
metal, having the ſame expanſibility as braſs, as Mr, 
SMEATON has demonſtrated by his: experiments, and glaſs 
Having 


** 


qu'ils font moins claftiques, C'eſt ce qui m'a fait 43 den pour i PHygro 
metre, comme je Vai dit dans mon mẽmoire ſur cet inſtrument, 

Si cette conjecture ſur les effets de la chaleur dans les corps peu elaſtiques, 
eſt fondee,'comme elle me paroit l'ẽtre, il y auroit quelque choſe a gagner pour la 
regularite des pendules, à employer le verre au lieu de Vacier, et le metal de 
cloche en place du lẽton, dans la compoſition de la verge de leur pendule. Car 
ces deux matieres ẽtant les plus elaftiques que nous connoiſſions, nous ſerions 
bien plus ſars de conſerver par leur combinaiſon, une meme longueur all Fore 
dans les variations de la chaleur. 

On auroit encore ce petit avantage en employant ces matières, que le metal 
de cloche ou celui des miroirs ayant la meme expanſibilite que le lẽton, comme 
Mr. sMEATON Pa trouve par ſes experiences, et le verre en ayant moins que 

Pacier, 


3 


% = bk. AM] 


aqui, there will be two lengths of ſteel for one of braſs, | 


{elves ſupported on the top of the other pair of the rods 
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having leſs than ſteel, the grid-iron would be ſhorter or 

more ſimple. 
The proportion of the dilatations of braſs and ſteel, 
being only as five to three, it 1s impoſſible to compenſate 
the dilatation of the ſteel by a ſingle rod of braſs; for as 
there muſt be a ſecond rod of ſteel to go downwards 


for which a proportion in the dilatation of fix to three, 
or two to one, would not even ſuffice, One is therefore 
obliged to have a ſecond rod of braſs, which goes up- 
wards, by which means the grid-iron comes to be com- 
poſed of nine rods, the two aſcending pairs of which are 


braſs. Thus then the lens, which 1 18 always very heavy, 


15 born by the top of one of the pairs of the rods, which, 
through the medium of a pair of rods of ſteel, are them- 


of 


Tacier, on auroit une grille moins bases ou plus ſimple. 


Le rapport des 3 du lẽton et de Pacier ẽtant ſeulement de 5 a 3, if 
eft impoſſible de compenſer la dilatation de Vacier par un ſeul retour du leton de 


| bas en haut, Car comme il faut enſuite une autre branche d'acier qui redeſcende 


pour porter la lentille, on a deux longueurs d acier pour une de lẽton; a quoi un 
rapport des dilatations de 6 à 3 ou 2 4 1 ne pourroit pas meme ſuffire: je ne 
Marreterai pas à le montrer. On eſt done oblige de faire remonter une ſeconde 
fois le leton; et c'eſt par cette raiſon que la grille eſt compoſee de g branches, dont 2 
paires montantes ſont de Itton. Ainfi la lentille, qui eſt todjours d'un aſſez grand 
poids, eſt portee pai le haut de Pune des paires, qui, elle meme, par Pentremiſe 


Pune paire de branches d'acier, peſe ſur le haut de Pautre *. de branches de 
leton:.. 


* 
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of braſs. Now there muſt be ſome flexion in theſe rods 
of braſs during the oſcillations of the pendulum, in 
which the lens acquires a {mall centrifugal force from 
' the end of one vibration to the other, and thus weighs 
differently upon the rods. Beſides, this neceſſity of turn. 
ing back twice, increaſes the total length of the rods, and 
conſequently all the cauſes of irregularity. On the con- 
trary, by making uſe of bell · metal and glaſs, the dilata- 
tions of which are as ſeven to three, a ſin gle pair of 
5 rods of the former, will be ſufficient to compenſate the 
dilatations of the glaſs rods; conſequently the grid- 
iron may either be ſhorter, or made up only of five 
rods, a pair of glaſs ones deſcending on the outſide 
aà pair of bell-metal ones aſcending on the inſide, anda 
glaſs rod deſcendin 8 at the center, and carryin g the lens. 
This 


— n a > 


Alton. Or il doit y avoir quelque flexion dans ces branches de lẽton par les 
oſcillations du pendule; la lentille acquerant un peu de force centrifuge d'une 
_ extremitE a Pautre de chaque excurſion, et peſant ainſi differemment ſur les 
branches. Deailleurs cette neceffits de retourner deux fois en arrière, augmente 
la longueur totale des branches, et par conſequent elle augmente toutes les 
cauſes irregularite. Aulieu qu'en employant le metal de cloche et le verre, 
dont les dilatations font comme ) à 3, une ſeule paire de branches du premier, 
ſuffira pour compenſer la dilatation des branches de verre. La grille pourra WM 
donc etre ou plus courte, ou compoſẽe ſeulement de 5 branches: une paire de 
verre deſcendantes a Pextericur, une paire de metal de cloche montantes en 
dedans, et une branche de verre deſcendante au centre pour porter la len- 
tulle, 
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This diminution of the total length of the rods, and that 
of the flexion, muſt contribute to increaſe the regularity 
of the pendulum, independently of the greater regu- 


larity of the expanſion of the ſubſtances themſelves. 


As II have begun this digreſſion upon an object ſo 
eſſential to clock-making, I ſhall obſerve farther, that the 


experiments I am ſpeaking of are applicable to it in ano- 


ther reſpect, which ſeems to me of ſome importance. 
Subſtances of the ſame denomination are not homoge- 
neous enough for us to conclude, that what has been 
found i in the one, with reſpect to their very delicate pro- 
perties, will always be exactly the ſame in the other: 


and that, for inftance, the lengthenin g of a certain rod 
of braſs by heat, is an indication that every rod of braſs 


vin have 3 the ſame lengthenin g. My opinion 
therefore 


6 
— 


tille. Cette diminution de longueur totale des branches, et celle de la flexion, 
ne peuvent qu augmenter la rẽgularitẽ du pendule, indẽpendamment de a plus 


grande regularite de Pexpanſion « des matières Memes. 


Puiſque Pai commence une digreſſion ſur cet objet efſentiel 3 a Phorlogerie, Je 


ferai encore remarquer ici, que les experiences dont je parle lui ſont applicables 
4 un autre Egard qui me paroit de quelque importance. Les maticres qui por- 


tent le meme nom, ne ſont pas afſez homogenes, pour que dans leurs pro- 
pri:tes dElicates nous puiſſions conclure, de ce que nous avons trouve dans une, 
qu'il en ſera exactement de meme de toutes celles qui ont la meme d<nomination z 


et qu'ainſi par exemple, Vallongement d'une certaine branche de lẽton par la 


chaleur, nous indique Vallongement de tout lẽton par cette cauſe, Je crois 
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450 Mr. DR LUC on 
therefore is, that it would be of ſome advantage, if, if, 
upon every pendulum intended for very delicate obſer. 
vations, there were made the experiment of the compara- 
tive lengthening of the ſubſtances which compoſe it; 
marking the center of oſcillation upon the lens by the 


known methods, and pointin g a Microſcope _ this. 
center whilſt the heat is made to vary. 


By uſing for theſe pendulums glaſs and bell-metal, 


the firſt of which i is not at all: affected by water, and the 


other very little (which little might even. be prevented 
by varniſhing it) it would be eaſy to obſerve the effects of. 


the heat upon them in water, by means of a tin veſſel, 
having a glaſs facing the center of oſcillation. By pouring 
Water of different temperatures into this veſſel, whilſt 
the Microſcope remains pointed to that center, one would 
diſcover, i in the ſureſt and ſhorteſt manner, that combi- 


nation 
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8 done qu'on e DEN FexaAtitade G1 on ien immẽdiatement for chaque 


pendule deſtinẽ a des obſervations delicates, Feapfrience de Pallongement com- 


paratif des matières qui le compoſent, en marquart ſur la lentille, par les 
méthodes connues, le centre d oſcillation, et pointant un Mieroſcope fur ce 


eentre, tandis qu'on feroit varier la chaleur. 
En employant à ces pendules le verre et le metal de cloche, dont le premier 


meſt point affeQte par Peau, et l'autre Veſt tres peu, et pourroit meme etre ver- 


nifle, il ſeroit aiſe encore d'y obſerver les effets de la chaleur dans Peau, av 
moyen d'une caiſſe de fer blanc, qui auroit une glace vis vis du centre d oſcilla- 


tion. En y verſant de l'eau a diverſes temperatures tandis que le Microſcope 


ſeroit pointe ſur ce centre, on Tauverout de la mamere la plus ſure et la plus 
7 court 
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nation of the two ſubſtances, which would preſerve the 


ſame length to the pendulum between two determined 


| temperatures, 


To make this ſtill eaſier, it would be poſſible to con- 


ſtruct the grid- iron 1 in ſuch a manner as that its correc- 


tive rods being fixed by ſcrews, the proportions of theit 


lengths might be changed, till the bell-metal perfectly 


compenſate for the lengthening of the glaſs between the 


two fixed temperatures, of which I ſhall ſpeak hereafter. 


For there would be nothin g to correct by this method, 
but the difference of expan fibilities of the f ubſtances 


employed, comparatively with the mean expanfibility « of 
ſubſtances of the ſame denomination, which would have 


been firſt diſcovered by experiments made for that pur- 


poſe. I ſhall reſume hereafter this correction of the pen- 


dam : 


© 8 2 * - 
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courte, la combinaiſon Jn deux matières qui conſerveroit b au pen» 
dule, une meme longueur dans des variations determinees de temperature. 
Pour rendre ce moyen plus commode, on pourroit aiſẽment conſtruire la grille 


de maniere, que ſes branches correctives ẽtant retenues dans leurs traverſes par 
des vis, on put changer les rapports de leurs longueurs, juſqu'a ce que le metal 


de cloche compenſat parfaitement Pallongement du verre entre les deux tempera- 
tures fixees, dont je parlerai ci-apres. Car on Wavroit a corriger par cette 
methode, que les differences d expanſibilitẽ des maticres employees, comparative- 
ment à Fexpanſibilite moyenne des matières de meme nom, qu'on auroit trouvee 
——— par des Experiences faites a ce deſſein. Je reviendrai dans la ſuite 
CC SS - "cette 
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dulum, in order to conſider it in a point of view ſtill 
more important. | 

I now return to the comparative dilatations of ola 
and braſs; I mean to the experiments which 1 made 

in order to determine at what heighth of the lamella of 
braſs the point was, which ſhould remain unmoved by 
the variations of heat. 

Theſe experiments, notwithſtanding all my pains 
turned our ſurprizingly irregular; and it was neceſſary 
to make a great number of them, to arrive at any degree 
of probability. In the firſt place, the duration of the 
operations made the brafs take, what I have named, the 
Habit of its tate, which prevented it from returning 
1 exattly to that 3 in which. it Was at the ſame degree of 
heat: 


| Icette correction du pendule, pour la confiderer fous une face plus importante 
encore. 3 5 
Je reviens aux dilatations comparatives du verre et du leton; 0 ſt a dire à 
ces experiences par leſquelles je cherchois a determiner a quelle hauteur ſur la 
lame de Jeton ſe trouveroit le point qui refteroit immobile par les variations de 
la chaleur. = be 
| Malgre tous les ſoins que je pris, ces experiences ſe trouverent d'une irregu- 
larite ſurprenante; et il fallut en faire un bien grand nombre pour arriver a des 
rEfultats'un peu probables. D'abord, la longueur des operations faiſoit toujours 
prendre au leton ce que Jai n Phabitude de ſon état; ce qui Yempechoit 
die revenir exactement a celui on I] « Etolt — par le meme degre de cha- 
leur. 


heat: the quicker, however, the returns, the more re- 


gular they were; it will be therefore only from ſuch as 
were quick that I ſhall hereafter deduce my concluſions. 


Another difficulty I met with in my experiments aroſe 
from the difference of the effect of the different changes 


of the temperature. When I ſuddenly chan ged the tem- 
perature of the water from 10* to 70? of the Thermo- 
meter to which I have given the name of common in my 
work upon the Modifications of the Atmoſphere (which 
anſwer to 54˙2 * and 189; of FAHRENHEIT) a ſomewhat 
leſs length of braſs was wanted to compenſate the dilata- 
tion of the glaſs, than when I increaſed the heat leſs; as, 


| (4) Since the writing of this J have been told, that the fame phenomenon 1 is 
obſerved in the correcting Thermometer of watches; and that it produces 1 irregu- 
larities which are in an 1 6 
for 


- Fang 4 


leur (d). Quand ces retours Etoient prompts ils Etoient plus reguliers. Ce ne 
ſera done que de celles de mes obſervations qui furent r que je tirerai 
c-apres les rẽſultats probables. 

Un autre embarras que j<prouyai dans ces experiences, prov int de la difference 
deffet des changemens differens de temperature. Quand je portois tout a coup 
la temperature de mon eau de 10® a 50 du Thermomètre que Jai appellé cm- 
nun dans mon ouvrage fur les Modifications de Atmoſphere, et qui correſpondend 
a 54 Jet 189*F de FAHRENHEIT, il me failloit une longueur un peu moindre de 
leton pour compenſer la dilatation. du verre, que lorſque j'augmentois moins la 


{4) Pai appris depuis que j'ai ecrit ceci, qu'on remarque ce phEnomene dans les Thermométres cor- 
rcdeurs des montres, et qu'il y cauſe des [rregulayites crolſſantes. | 


chaleur;, 
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for in ſtance, from 10 to 40?, to which, however, 11 


mited myſelf for a reaſon I will ſoon mention. 


The more I approached the heat of boiling water in 


warming the water in my experiment, the nearer I came 
to the proportion found by Mr. 8MEATON between the 
lengthenings of theſe two bodies by heat; which he has 


fixed between glaſs and braſs wires (which anſwers to 


my milled braſs) as 100 to 232. I had a point upon 
my lamella of braſs which anſwered to this proportion; 
that is, the lengths of the braſs and glafs were at that 


Point in an inverſe ratio of theſe numbers; and this point 
did not change ſenſibly when, inſtead of water of 10¹ 


ſubſtituted water which I poured boiling into my bottle, 


and which brought the Thermometer to 7 4 or 76. But 
when 1 only encreaſed the heat to 400, this length of 
brats 


7 . . s Ly 
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chaleur, comme par 2 de 10⁵ a 40?, A quoi je me bornai par la raiſon qu 


J'indiquerai. 
Plus Japprochois de la chaleur de Veaw bouillante en cchauffant mon eau, plus 


je me rapprochois du rapport qu'a trouve Mr. 8MEAToN entre les allongemens 


de ces deux corps par la chaleur, qu'il a fixe, entre le verre et du lẽton tire ala 
filiẽre (qui rẽpond à mon Ieton lamine) comme 100 à 232. P'avois un point 


fur ma lame de lẽton, qui correſpondoit à ce rapport; C'eſt à dire que les lon - 


gueurs du leton et du verre y <toient en raiſon inverſe de ces nombres; et & 
point ne changeoit pas fenfiblement de hauteur, quand je ſubſtituois a l'eau de 
105, de Peau que je verſois bouillante dans ma bouteille, et qui portoit le Ther- 
momẽtte à 4 ou 76% Mais lorſque je n'augmentois la chaleur que juſqu a 49) 

cette 
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jraſs was not ſufficient; 


4585 
the point inſenſibly ſunk: 
ſpeak of the greateſt number of experiments, for. there- 
were ſome contrary ones. 


Theſe uncertainties recalled my attention to the par- 


ticular object on account of which I had undertaken: 


my experiments; I mean my new Hy grometer, on 


which, in order to compenſate the effect of heat. upon 


glaſs, it was neceſſary to produce this compenſation in 
the natural variations of the temperature of the air. 1 
therefore confined myſelf within theſe limits; ; not indeed 
preciſely within the ſame temperatures, which ſeemed 


1 difficult, though it would have been better; 5 but be- 


tween temperatures nearly equally different. 
I will not give a minute account of theſe experiments; 
bei It ſufficient to > ſay, that from the difference of. tempe- 
rature 


ette longueur de lẽton ne ſuffiſoĩt pas; le point baiſſoit ſenſiblement. Je parle 
du plus grand nombre des experiences; car il y en eut quelquefois de contraires. 
Voyant ces incertitudes, je tournai mon attention ſur l'objet particulier pour 
lequel javois entrepris ces experiences; C eſt- a· dire mon nouvel Hygrometre, où, 
pour compenſer l'effet de la chaleur ſur le verre, je n'avois beſoin de produire 
cette compenſation que dans les variations naturelles de la temperature de Pair. 
Je me renfermai done dans cet eſpace; non preciſement entre les memes tempẽ 
atures, ce qui me parut trop difficile, quoique c eũt ẽtẽ. le mieux; mais entre 
ces temperatures à peu pres Egalement differentes, 
Je ne rendrai pas compte ici du detail de ces experiences; il ſuffira de dire, 
que par la difference de temperature- entre 107 et 40 de mon Thermometre, le 
rapport 
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rature between o* and 40 of my Thermometer the mean 
proportions of the dilatations of the braſs and glaſs were 
as 21 to 10; conſequently, I had need of a length of braf 
which ſhould be to that of the glaſs in my Hygrometer 
as Io to 21, in order to make up for the dilatability of 
its frame; whereas it needed to have been from 10 
to 23 in the tranſition from water in ice to boiling 


L water. 
1 do not give this latter proportion as being equally to 
be depended upon as the other; but it is ſufficient 
that there be really a difference between the two, o 
ground the general reflexions I ſhall make, after having 
previouſly noticed another difference of the ſame Kind 
which I have found by means of this P yrometer. | 

But before 1 mention theſe new experiments, I wil 
beſtow another moment upon thoſe which relate to the 
compar 
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rapport moyen des dilatations du lẽton et du verre fut comme 21 à 10; et qu 
par conſequent j avois beſoin d'une longueur de lẽton qui füt à celle du verre dans 
mon Hygrometre, comme 10 à 21, pour compenſer la dilatabilite de ſa mon- 
ture; au lieu qu il Pauroit fallu de 10 à 23 dans le paſlage de Veau dans la glace 
a eau boulllante. 

je ne donne pas ce dernier rapport comme auſſi ſir que redes mais il ſufft 
qu'il y ait certainement une difference entre les deux, pour fonder les refle xions 
générales aux ed je viendrai, apres avoir explique une autre difference du 
meme genre que Jai trouvẽe au moyen de ce — 

Mais avant que de rapporter ces nouvelles experiences, je myarreteral encore 


un moment ſur celles qui regardent les expanſibilites comparatives, ou les rapport 
entre 


tre 
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comparative expanſibilities, or the proportion there is 
between the expanſibilities of bodies, which ſeem to me 
by this method to be reduced to an operation as ſimple as 
it is concluſive. 

Firſt, with reſpect to the frame of my Pyrometer, 


however rude it be, I have hitherto diſcovered no de- 
fect in it. A point of ſuſpenſion of the rods which 
preſerves throughout the experiment its relative poſi- 


tion to the Microſcope, is the eaſieſt thing to obtain by 
means of this deal frame, which is not ſenſibly affected 
by the ſi mall changes i in the air, and is expoled to no other 

variation: and this is a great point gained) when it is con- 


fidered, that hitherto frames had a ſenſible effect upon 


the indications of the Pyrometers; - and that all that could 


be done, was to endeavour to obviate this influence. 


A Again, 


entre les expanſibilitẽs des corps, qui me paroiſſent reduites par cette route à 


une operation auſſi ſimple que ſure. 


D'abord quant a a monture de mon pyromètre, quelque g oroffitre qu'elle ſoit, 
je n'y ai trouve juſqu'a preſent aucun defau:. Un point de ſuſpeni:on des 
branches, qui conſerve pendant Pexperience {a poſition relative a celle du Mi- 
croſcope, eſt la choſe la plus aiſee 3 obtenir par cette monture de ſapin; les petits 
changemens de Pair ne l'affectant point ſenfiblement, et n'ẽtant expoſce a au- 
cune autre cauſe de variation. Or c'eſt 13 un grand joint d. »ttenu, quand on 
confidere que juſqu' ici les montures influoicnt todjours eſſen ment tur les 
indications des Pyrometres, et que tout ce qu'on pouvoit faire, etolt de chercher 


en corriger les effets, 
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Again, meaſurement will itſelf always be an occaſion 


of error more or leſs conſiderable in phyſics, becauſe 
our Micrometers are all imperfect. It is true, indeed, 
that we are daily improving them, and with great rea- 
ſon, ſince we are obliged to meaſure almoſt every where; 
but it is not leſs true, that, not to be obliged to meaſure, is 
a great additional ſecurity. Now by this method there 
is no neceſſity for meaſuring: all one wants is, to find 
a point upon the rods of different ſubſtances thus {uſ- 
pended, which neither riſes : nor falls when the tempera- 
ture of the water is changed; ; and it is ſufficient for this 
purpoſe, that the Microſcope do not vary FRG the ob- 
ſervation. 

A to the eaſure of the lengths of the 26s, what 
expanſions compenſate each other at this point, all 
Poſſi ble errors in this reſpect are hitherto of no import. 
| We 


Enſuite, meſurer, ſera toũjours en phyſique une occaſion d'erreurs plus ou 
moins grande; parceque nos Micromètres ſont tous imparfaits. On les per- 
fectionne tous les jours d' avantage; et il le faut bien, puiſque nous ſommes 
obliges de meſurer preſque partout; mais il n'en eſt pas moins vrai, qu'etre 
diſpenſe de meſurer eſt une grande ſurets de plus. Or on Peſt totalement par 
cett: metbode. Trouver ſur Vunc des branches de matières differentes ainſi ſuſ- 
pendues, un point qui ne s'leve ni ne s'abaiſſe en changeant la temperature de 
Veau, cft tout c dont on a beſoin; et il ſuffi pour cela que le Microſcope n nc 
varie pas tandis qu” on obſerve. 

Quant a la meſure de la longueur des branches dont les expanſions ſe compen- 


ſent a ce point, c'eſt un objet ſur lequel les erreurs » polidies ne font encore d au- 
0 cune 
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we are very far from being able to perceive, in the 
quantities of expanſions, thoſe differences which might 
ariſe from the imperfection of this meaſure. 

One may take therefore a rod of ſome ſubſtance, glaſs 
for inſtance, and put at the end of it a convenient claſp 
for holding other rods of different ſubſtances: thus, by 
ſeparately comparing their expanſions with that of the 
rod of glaſs, by the poſition of the immoveable Point, 
one will obtain the proportion of their expanſibility 
with that of glaſs, and conſequently with each other. 
Nor may ſolids only be ſubjected to theſe experiments, 
but fluids alſo: for by encloſing them in a cylindrical 
tebe of Slaſ 85 the expanſibility of which i 1s known, they 
W il be as rods," which may be thus ſubmitted to the ſame 


ex peri- 
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cune conſequence, Nous ſommes bien loin de pouvoir reconnoitre dans les 
quantitẽs des expanſions, les differences qui pourroient refulter de Fimperfection 
qe cette meſure. . 
On pourra donc avoir une branchs d'une certaine matière, de verre par exem- 

ple, à Pun des bouts de laquelle on aura ajuſtẽ une pince commode, pour y fixer 

d'autres branches de diverſes matières: et comparant ainſi ſẽparẽment leur expan- 
ton avec celle de la branche de verre, par la poſition du point immobile, on 


aura les rapports de leur expanſibilitè avec celle du verre, et par con{cquent entre 
les. 


Ce ne ſera pas ſeulement les ſolides qu'on pourra ſoumettre à ces expericnces; 
mais les fluides. Car en les renfermant dans un tuyau de verre cylindrique, dont 
Pexpanfibilite ſoit connue, on en fera comme des branches, qu'on pourra ainſi 

20 2-2 ſoumettre 
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experiments, by means of a ſmall opaque body float- 
ing at the top of them, and to which the Microſcope 
may be pointed. I do not, however, inſiſt upon this ap- 
plication of the machine; ſince the expanſion of li- 
quids may be obſerved in vaſes, the dimenſions of which 
are known, by joining cylindrical tubes to them, which 
render their expanſions mueh more ſenſible. I ſhall only 
obſerve, that from the knowledge of the dilatability of the 
tube, one ſhould not reduce its capacity to what it would be 
if the glaſs did not dilate itſelf, as is done with reſpect to 
vaſes in order to know the true change in the volume of 
liquids contained i in them; but that, on the contrary, we 

| ſhould here ſuppoſe the dilatation of glaſs greater than 
it is, and as it wonld be if it had the ſame expanſibility 
as the liquid; and then diminiſh according to that Pro- 
portion 


foumettre aux memes experiences, en faiſant flotter un petit corps opaque à leur 
ſurface, pour y pointer le Microſcope, Cependant je n'inſiſte pas ſur cette ap- 
plication de la machine; parceque les expanſions des -liquides peuvent tre ob- 
ſervẽes dans des vates dont on connoit la capacité, en y joignant des tubes cylin- 
driques; ce qui rend leur expanſion beaucoup plus ſenſible. Je remarquerai done 
ſeulement; qu'il ne faudroit pas, d'après la connoiſſance de la dilatabilite de la 
maticre du tuyau, rẽduire par le calcul fa capacite, a ce qu'elle ſeroĩt fi le verre ne 
ſe dilatoit point, comme on le fait a Vegard des vaſes pour connoitre le changement 
reel du volume des liquides qu'ils contiennent; mais qu' au contraire il faudroit ici 
fuppoſer cette capacitè plus grande, en la portant a ce qu'elle ſeroit, ſi le verre 
avoit la meme expanſibilite que le liquide; et diminuer dans cette proportion 

Pallongement 
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portion: the obſerved lengthening of the latter: for in 
comparing the expanſion of a fluid with that of a told, 
we muſt take notice, that we meaſure the change of 
bulk of the latter, according to one of its three dimen- 


fions only, for which reaſon. the fluid muſt be brought 
tO the ſame predicament, 

Air might alſo be {ſubjected to theſe experiments by 
encloſing. it in a glaſs tube by means of a ſmall column 
of quickſilver. But I cannot help bein 8 of opinion, that 


all experiments made on air encloſed, will be found in- 


accurate, - when applied to the air in general. The 
expanſibility of air- by heat varies exceedingly, according 
to its greater or leſs degree of humidity; and know from 
experience, how difficult it is to encloſe 1 in a tube, air of. 
z determinate dryneſs: : but if it 1s more humid than its 

mean | 


Fallonzement obſerve de celui-ci. Car pour comparer expanſion Gun Auide à 


| celle d'un ſolide, il faut avoir Evard I à ce que nous ne meſurons le changement de 


volume de ces derniers que ſuivant une ſeule de leurs trois dimenſions et que 
par conſequent il faut reduire le fluide au meme cas. 

On pourroit auffi ſoumettre Pair a ces memes experiences, en le renfermant 
dans le tube de verre par une petite colonne de mercure. Mais je ne puis m'em- * 
pecher de croire que les experiences ſur l'air renfermẽ ſeront toũjours inexactes 
quand on les appliquera à Pair en general. L'expanſibilitè de Pair par la cha- 
leur varie beaucoup, ſuivant qu'il eſt plus ou moins humide; et je ſals par expẽ- | 


ence, qu'il eſt bien difficile de renfermer dans un tube, de Lair d'une ſechereſſe 
determin ses 
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mean ſtate in the atmoſphere, its expanſibility by heat 
will be greater. 

It is not impoſſible that this may be the reaſon why 
Colonel roy and Sir GEORGE SHUCKBURG found a greater 
expanſibility in the air encloſed in their Manometery 
than what I deduced from my obſervations in the open 
air. The bare difference there is between the air of 


London and that of the mountains of Switzerland mar 
be ſufficient to account for this effect. I believe, indeed, 
that the differences of humidity will be cauſes of error in 
the Barometrical meaſures of heights, ſo long as theſe 
differences ſhall not enter into the formulæ; and it was 
this con ſideration which firſt led me to think of an Uy- 


grometer { — 


(e) I ſhall return to this object, ind treat it more particularly, f in a piper 
on Refr ations, of which I ſhall ſpeak hereafter, 5 


As 


c — — 
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Ceterminee, Or &il eſt plus humide que ſon ẽtat moyen dans ratmoſphere, fon 
expanſibilitẽ par la chaleur ſera plus grande. 

Il n'eft pas impoffible que ce ne ſoit la la raiſon pour laquelle Mr le Col. 
ROY et MF le Chev. $HUCK BURGH ont trouve à Pair renferms dans leurs Mano- 
metres, une expanſibilitè plus grande que celle que Jai deduite de mes obſerva- 
tions dans Pair libre; la difference peut-etre de Pair de Londres et de celui qui 
environne les montagnes de la Suiſſe, peut — cet effet: je crois meme que les 
diffcrences d'humidité ſeront des cauſes d'ecarts dans les meſures Barometriques 
des hauteurs, tant qu'on ne pourra pas faire entrer ces differences dans les for- 
mules: c'eſt le premier motif qui m'a fait chercher un Hy grometre (e). 


e Je reviendrai à cet obiet povr lea: -aiter plus particulièrement, dans un mEmoire ſur les Refra&tions 
dant je pantera Cl-Aapres. 
( am 


at 
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As to the differences of the concluſions drawn from 


theſe gentlemen's experiments and mine made in the 
open air, though they be conformable to the above-men- 
tioned difference, they may yet ariſe from another cauſe. 
I always obſerved the temperature af the air with my 
Thermometer in open air, and in theSun when i it ſhone; 3 
whereas they obſerved in the ſhade. As often then as I 
found the air warmer in the Sun, than I ſhould have 
found it in the ſhade, which was almoſt always the caſe, 
eſpecially i in the plain, I did not ſtand in need of as great 
a correction as thoſe gentlemen for each degree of the 
Thermometer;, fincei in the ſame circumſtances the de grees 
were more numerous in my obſervations than in theirs, . 


and conſequently, with a leſs correction for each degree, 


my whole correction was equal to theirs. I will add, that] 
did. 


8 . 5 . 5 1 5 


Quant aux differences des reſultats des expériences de ces Meſſieurs et des 
miennes dans Pair libre, quoique conformes a la difference precedente, elles 


Pourrojent bien venir d'une autre cauſe. J'obſervois totyours la temperature de 


Fair avec mon Thermomꝭtre a boule ifolce, en plein air, et au ſoleil quand il lui- 


loit; au lieu quiils Pobſervoient a Yombre. Si donc je trouvois Pair plus chaud 


au ſoleil, que je ne Paurols trouve a Vombre, ce qui Etoit preſque toũjours le 
cas, ſurtout à la plaine, je n'avois pas beſoin d'une ſi grande correction que ces 
Meffieurs pour chaque degré du Thermomctre, pui ſqu'ils ẽtoient plus nombreux 


dans mes obſervations que dans les leurs par les memes circonſtances; et 


qulainſi, avec une moindre correction pour chaque degre, j'avois une correction 


totale auff grande. Pajouterai, que je n'a pas t trouve que les rayons directs du 
ſaleil 
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did not find that the direct rays of the Sun heated irregy- 
Jarly the glaſs of the ball of a Thermometer when Clean, 
which may be eaſily ſeen by looking at the experiment 
mentioned in p. 56, 57. of the ſecond volume of my 
work: conſequently, when theſe direct rays act upon the 
air, it is a cauſe of heat which ſhould not be neglected. 
J am Rill therefore of opinion, that it is better to ch- 
ſerve the Thermometer in the Sun than in the ſhade; 
and that the correction for the heat of the air may 
ftand ſuch as this method of obſerving requires it, 
'There are always acting cauſes enough in the column 
of air weighing upon the inferior Barometer, which can- 
not be known in the ſuperior ſtation, for us not to negled 
any of the ordinary cauſes which may be perceived. 


_ : * x * I : : — . 
1 8 . . P . 


ſoleil Echavffaſſent irregulicrement le verre bien net de la boule d'un Thermo- 
metre; ce qu'on pourra voir aiſẽment par Pexperience rapport aux p. 80 ct 57 
du ſecond volume de mon Guvrage: et ainſi quand ces rayons directs ag iflont fur 
5. Þ air, C'eſt une cauſe de chaleur qui ne me ſemble pas devoir etre ne: aligge. 
Je crois donc toujours qu'il convient mieux d'obſerver le Thermomꝭtre au 
ſoleil qu'a Po mbre, et de laiſſer la correction pour la chaleur de Pair propor- 
tionnee à cette mẽthode. 11 refte tojours aſſez de cauſes agiſſantes dans la co- 
lonne d'air qui pèſe immediatement ſur le Barometre inſerieur, qu'on ne peut pas 
.connoitre a la ſtation ſuperieure, pour qu'on ne doive nẽgliger aucune des cauſes 
_ communes qui ſont laififlables. 1 


I 


1 


Pas 
1 


ses 


I 
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It is therefore probable, that had I obſerved in the ſame 
places as theſe gentlemen with my Barometer, expoſing 


at the ſame time my Thermometer to the Sun, I ſhould 


have found the real height as well as they, without 
changing my rule; which already appears, I think, from : 
my having derived it from experiments made in the 
fame place where Sir GEORGE SHUCKBURGH has made his 
principal obſervations. | 

Iwill only add, that if, in the different opportunities 
have had of trying my rule ſince it is fixed, it had 


conſtantly given me the heights too ſmall, as thoſe 


gentlemen have found it, even conſidering what i is above 
ſtated, I ſhould have ſuſpected with Colonel ROY, that 
I ought not to have taken out from the obſervations | 
from which 1 have concluded my rule, thoſe which I 


made 1 


1 * - _ 2 
— ** 


n eſt donc aſſez probable, que 6 Javois rd dans les memes lieux que ces 
Meſfieurs avec mon Barometre, et en expoſant mon 'Thermometre au ſoleil, 


| Jaurois trouve comme eux les hauteurs reelles, fans changer ma règle: et c'eſt 


ce qui paroit deja, ce me ſemble, de ce que je Vai conclue Texperiences faites 
dans le meme lieu ou M- le Chev. SHUCKBURGH a fait ſes principales obſer- 
vations, 
-—F ajouterai fralertiost, que fi dans les diverſes occafions que j'ai cues Fioronver 
c:tte regle depuis qu'elle eſt fixce, elle nvavoit donne conſtamment les hauteurs 
un peu trop petites, comme il reſulteroĩt des experiences de ces Meſſicurs, meme 
en ayant ẽgard aux conſiderations ci-defſus, Jaurois ſoupgonne alors avec M- 
le Col. ROY, que je n'aurois pas du retrancher du nombre des obſervatlons dont 
Jai tir ma rẽgle, celles que Jayois faites au lever du ſoleil, qui toutes donnent 
Vo. LXVIII. | * K k K 25 les 
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made at Sun-riſe; all which, according to this rule, give 
the heights too ſmall. For it would then appear, that it 
is owing to accident alone that the exceptions of this kind 
Happen to be at that preciſe time of day; that they are 
deviations which are ſtill to be expected, till more circum- 
| ſtances have been taken notice of in the obſervations, and 
new equations are introduced in the formula; and tha: 
having admitted the exceptions on the contrary ſide, I 
ought to have left thoſe i in the bulk of my obſervations, 
before I deduced the mean Iaws from them, which would 
have brou ght me ni igher tothe concluſions drawn from Sir 
GEORGE SHUCKBURGH'S and Colonel Ror's obſervations. 
The late Mr. DE LA CONDAMINE,. one of thoſe rare 
men who take an intereſt i in the labours of their friends, 
was already of this opinion; and I ſhould have made uſe. 


: of it, had not tm tables been already calculated. _ How- 
ever, 


8 6 — — * 4 2 S 5 1 pet : | : 


— 


les hauteurs trop petites ſuivant cette rẽgle. Car il paroitroit en ce cas, que ce 
n'eſt qu? accidentellement que les exceptions dans ce ſens li ſe rencontrent à ce 
moment du jour; que ce ſont des écarts auxquels on doit encore s'attendre, 
jauſqu'à ce qu'on ait embraſle plus de circonftances dans les obſervations, et de 
nouvelles equations dans la formule; et qu ayant admis les exceptions contraires, 
je devois laiſfer celles 1a dans Fenſemble de mes obſervations, avant d'en deduire 
les loix moyennes: ce qui m' auroit rapproche d'avantage des reſultats des obſer- 
vations de M- le Col, Roy et de M- le Chev. $8UCKBURGH, ea 

Feu MF DE LA CONDAMINE, l'un de ces hommes rares qui ſavent s inte reſſer 


aux travaux de leurs amis, m'avoit deja fait faire cette rẽflexion; et j'y aurois 
| — A el 
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ever, I did hot find afterwards any neceſſity for it by my 
own obſervations. 


Here then is a new ſubject of inveſtigation, and con- 
ſequently thoſe gentlemen's obſervations are exceedin gly 
intereſting, ſince they will engage natural philoſophers 
not to give up this object till it is entirely cleared up. 
I return to my idea of encloſing bodies in tubes of 
glaſs, only to obſerve that it will be abſolutely neceſſary 
to make uſe of this method, in the experiments upon the 
expanſion of bodies affected by humidity, as well as by 
heat, for thoſe cannot be expoſed naked to the heat of 
the water. Woods, therefore, may be compared « either 
with one another, or with metals, by encloſing them in 
glaſs tubes. Some difficulties I met with from the 
vapours which form themſelves i in heated tubes; one of 
| the 


"WE > —_—_ 
* n 


1 


eu egard fi mes tables n ”avoient ẽtẽ toutes . Cependant des lors j Je n ven : 
ai pas appercu le beſoin par mes propres obſervations. 8 
| Voila done un nouvel objet d'examen; et par conſequent les obſervations de 
ces Meſſieurs ſont tres intereſſantes ; puis qu'elles engageront les phyſiciens 3 a ne 
pas abandonner cet objet, juſqu'a ce qu'il ſoit eclairci, 
je reviens à Videe de renfermer les corps dans des tubes de verre, pour ajouter 


5 ſeulement, qu'il ſera indiſpenſable d'employer ce moyen, lors qu'on voudra ſou- 
1 mettre a ces experiences des corps que Vhumidite affe cte auſſi bien que la chaleur: 

car ceux là ne peuvent pas Etre expoſes nuds à la chaleur de! eau. On pourra 
ſſer donc par exemple comparer les bois entrꝰ eux ou avec les mẽtaux, en les renfer- 
is mant dans des tubes de verre. Quelques difficultes que Jai cprouy bes, à cauſe 
eu les vapeurs qui ſe forment dans les tubes echauffcs, et qui {ont une de mes raiſons 
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the reaſons why I ſuſpect the experiments made upon 
air in Manometers, has obliged me to ſuſpend the expe- 
riments I had undertaken upon the expanſion of woods, 
This method of finding the relative expanſibilities of g 

bodies may eaſily be turned into a method of finding 
their abſolute expanſibilities: . for if one knows with cer- 

tainty the expanſibility of the rod of glaſs to which all 
the other bodies are compared; by means of that, one 
will come to- the knowledge of the abſolute expanſibilit 
of all theſe bodies... 

The point then would be to give all poſſible attention, 
and uſe all the reſources of art, to the determining the 
expanſibility of this rod of glaſs; and this one may hope 
to arrive at by this ſame machine, as 1 ſhall ſhew by 
the following account of my firſt trial. 


de ſuſpecter les experiences faites fur Pair FER les Manomdtres, m ont oblige te 
5 ſuſpendre celles que 7avois entrepriſes ſur Pexpanſion des bois. 

Cette mẽthode de trouver les expanſibilites relatives des corps, peut encore 
etre changee aiſement en une mẽthode de trouver leurs expanſibilitẽs abſolues. 
Car ſi Pon connoit par exemple celle de la branche de verre à laquelle on com- 


parera tous les autres corps, on connoitra par elle Texpanſibilitè abſolue de tous 
ces corps. 


Il ne &agiroit donc que de concentrer ſon attention, et toutes les reſſources de 
hats ſur la determination de Vexpanfibilite de cette branche de verre; a quoi 


Pon peut efperer de rẽuſſir ayec cette meme machine, comme je vais le montrer 
YVapres un premier eſſai. 


Eſſai 
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Ey upon the — of the abſolute expanſion of bodies 
: * beat. 


Though I did not at firſt intend to make uſe of my in- 
ſtrument in the meaſure of abſolute expanſions, 1 could 
not help making ſome experiments on this ſubject. 

Beſides the immoveable wire placed in the focus of 
the Microſcope, I had defired Mr. RAMSDEN to put in 


ſeeking the value of the parts of the Micrometer, in 
doing which the little ſcale I had traced on the lamella 
of braſs was again of ſervice to me. I had made it as 
exact as I poflibly could; each of its diviſions was the 
= oth part of a French foot. The divided part of i it was 
three 


E 2 fur la meſure des expanſions Alle des wy gar la chaleur. 


| Quoique j je n'cuſſe pas intention ꝙabord qe employer ma machine 3 A meſurer des 
expanſions abſolues, je ne laiſſai pas de tenter quelques ne ſur cet objet. 
Outre le fil immobile place au foyer du Microſcope, javois demande à M 
RAMSDEN d'en mettre un qui füt mobile, et conduit par une vis. Je cherchai 
donc d'abord la valeur des parties du Micrometrez a quoi me ſervit encore la 
petite Echelle tracẽe ſur ma lame de lẽton. Je Vavois faite auſſi exactement qu'il 


waroit Et6 poſſible, ct ſes parties ctoient des 400": du end de France, Elle 
avout. 


another, moveable by a ſcrew: I then began, firſt, by 
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100 of theſe parts, that were, or were ſuppoſed to be, 
equal. 


wire from one part to another of the ſcale, and bringing 


a 5 - - 
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15 5 between this foot and the En gliſh, a proportion exact 


ww * W 7 a — 


Ty avoit 3 pouces de Fr rance PR la portion adviſe ot par conſequent 100 dec ces 
” parties ẽgales, ou cenſces Petre. N 


x tandis que les deux fils coincidoient, Jamenat le fil mobile ſur le point ſuivant, 
en comptant les tours de la vis; puis conduiſant le fil immobile de partie en partie 


les petites differences marquoient les imperfections de Vechelle. Le milieu entre 


three F rench inches in length, conſequently conſiſted of 


Pointing then my Microſcope at firſt upon one of the 
extremities of the ſcale, the two wires coincidin 8, 1 
brought the moveable wire to the next point, counting 
the turns of the {crew : then conductin g the immoveable 


at every change the moveable wire to the point imme- 


diately following, I noted all theſe lengths of the parts 


meaſured by the Micrometer, the ſmall differences of 


= which marked the imperfections of the ſcale. The mean 
"of theſe 100 meaſures gave me 21,33 3 turns of the 
ſcrew, for a part of my ſcale, that is, for 75th of a 


French foot. This, according to the proportion of 16 to 


enou gh 


.. 


— 


— — 9 — I 


Poi ntant donc d'abord mon Microſcope os Fone des extremites de Pe :chelle, 


de Vechelle, et amenant à chaque fois le fil mobile au point immediatement ſui- 
vant, je notai toutes ces grandeurs des parties, meſurtes par le Micrometre, dont 


ces 100 meſures me donna 21,333 tours de la vis, pour une partie de mon échelle, 


ceſt à dire pour a8 du pied: de France, Ce qui, dans le rapport de 16 a 15 de 
pied 
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enough for this meaſure (and perhaps very exact) makes 
twenty turns for zsth of the Engliſh foot, or one turn 
for th of a foot. One could eaſily diſtinguiſh the ef- 
fect of + 2 th of a turn; conſequently, the inſtrument was 
ſenſible at z8eseth of a foot, or about RI | of an inch. 

Knowing thus the value of the parts of my Micrometer, 

L undertook to meaſure the abſolute lengthening of my 
rod of glaſs, which was of 1 8 Engliſh inches; and from 
a mean of four experiments, the reſult of which differed 
very little, I found that my rod of glaſs had lengthened. 
7,5 turns of the ſcrew of my Micrometer from the heat 
of ro of my Thermometer to that of 70. 5 
I ſhall not make any ſenſible error if I augment this 
number of turns in the proportion of 60- to 80, in order 
to obtain the total expanſion which would be made by 
the 


pied a celui d' Angleterre, _ exact pour un objet de cette nature 588 peut- etre 
tres exact) fait 20 tour pour d du pied Anglois, ou I tour pour 3; de pied. 


On pouvoit diſtinguer aiſẽment l'effet d v de tour, et par conſequent Pinſtru-- 


ment ẽtoit ſenfible à 3555 de pied, ou environ 7o5s de pouce. 

Connoiffant la valeur des parties de mon Micrometre, j'entrepris de meſurer 
Fallongement abſolu de ma branche de verre, qui avoit 18 pouces anglois: et 
par un milieu entre quatre experiences, dont les rẽſultats differerent tres peu, je 
trouvai que, de la chaleur de 10? ſur mon Thermometre a celle de 70 ma 
branche de verre s'ẽtoit allongee de 7, 5 tours de la vis du Micromètre. 

Je ne ferai pas une erreur ſenſible en augmentant ce nombre de tours dans le. 
rapport de 60 a 80, pour avoir Vexpanſion totale qui ſe ſeroit faite par le paſlage. 
&-Veau dans la glace à eau bouillante, ſoit de o à 805, malgre la conſideration . 

de. 
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the paſſage of water in ice to boiling water, that is, from 
o to 80 upon my Thermometer, notwithſtanding the 
con ſideration of the different progreſs of quickſilver and 
olaſs i in their expanſions by heat, which I ſhall ſpeak of 
Hereafter; becauſe the two terms of the obſervation, 
10? and 709, are equi-diftant from the two fixed points 
of the Thermometer. I ſhall have then a third part t) 
add to the number of turns for the expanſion of 18 
inches of glaſs paſſing from the heat of water in ice to 
that of boiling water, which will make 10 turns, or 6; 
for the expanſion of one foot. 


One turn of the ſcrew being equal to th of a foot, 
65 


5 1 
6: make 3082 8000 = 1786 


3 of a foot = =; — th of an inch i in one 
foot. Now this 1s preciſely what had been found by 
Mr. $MEATON. However, this ſingular conformity may 


6 
4 . R - 
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de la difference des marches du mercure et du verre dans leurs expanſions par la 
chaleur, dont je parlerai ci-après: parce que les deux termes de l' obſervation, 
qui ſont 10? et 70), fe trouvent a ẽgale diſtance de ces deux points fixes du Ther- 


mometre. Paurai donc un tiers a ajouter au nombre des tours, pour Iexpan- 


ſion de 18 pouces de verre, paſſans de la chaleur de l'eau dans la glace à celle de 
eau bouillante; ce qui fera 10 tours, ou 63 pour Vexpanſion d' pied. 
=: rr de 


Un tour du Micrometre Etant ẽgal a v de pied, 63 fort. 

pied = rio de pouce Jas 1 pied, Et voila preciſement ce que M. $MEATON 

avout trouvẽ par ſes — Cependant cette conformite ſingulicre pourroit 
* bien 
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be only accidental; for I do not believe that all glaſſes 
have an equal dilatability by heat. Their dilatability 
often appears different when they are foldered; for it is 
no doubt owing to that, that the parts which are united 
when they are melted, often ſeparate when they grow 
cold, which does not happen when the glaſs i is exactly 
the ſame. It is poſſible, therefore, that this apparently 
exact conformity was occaſioned by ſome compenſation, 
rather than by real exactneſs. 

I aid before, that the irregularities I obſerved, when 
the glaſs and the braſs were combined, were not to 
be attributed to the glaſs, and here is a Proof of it. 
| When I had adjuſted the immoveable wire of my Mi- 
croſcope to a ſharp point which terminated my rod of 
glaſs, the water being at the temperature of 10* of my 


Thermo- 5 
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bien n'etre qu accidentelle; car je ne crois pas que les differens verres ayent tous 
une egale dilatabilitẽ par la chaleur: on ne voit que trop ſouvent quand on les 

ſoude, que leurs dilatabilitẽs peuvent Etre differentes; car c'eſt ſans doute par 13, 
que les parties rẽunies quand elles font fondues, fe ſeparent quelquefois en ſe 
refroidiffant; ce qui n'arrive pas quand -c'eft exactement le meme verre. Il fe 
pourroit donc que cette exacte conformitẽ apparente vint de quelque compenſa- 


de don plutõt que Pune exactitude reelle. 

Tai dit ci-deſſus que les irrẽgularitẽs que je remarquois lorſque le verre et le 
on kton Etoient combines, ne devoient pas <tre attribuces au verre; et en voici 
" la preuve. Lorſque j'avyois ajuſtẽ le fil immobile de mon Microſcope fur une 
ie 


Pointe aigue qui terminoit ma branche de verre, tandis que l'eau Etoit à la tem- 
Vor. LXVIII. #414 perature 
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Thermometer, and that, after having heated ir to 787 
brought it back gradually to 10, the point either re- 
turned exactly to the wire, or ſo near to it that I could draw 
no concluſion from the ſmall difference, againſt the regu- 
larity of the return of the glaſs to its ſame len gth 1 in the 
fame temperature. In one of the four experiments it 
returned exactly en a ſecond, 1 wanted light indeed to 
obſerve this laſt point, but I could judge from the pre- 
ceding ſteps that it would be exact; in the others, the 
differences would have ſeemed to indicate, that the 
: glaſs had retained ſore part of its lengthening; but the 
quantity was ſo ſmall, that even when it was real, i 
- might be conſidered as null! in practice. 
Glaſs conſequently i is the fitteſt ſubſtance to be mads 
uſe of as the ſtandard of compariſon in experi iments 
upon the comparative dilatabilities of bodies; - ſince what 
ever 


1 


; perature * 10? de mon Thermometre, et qu'après Favoir ee e à 70˙ je l 

Tamenois peu a peu à 10), la pointe revenoit exactement au fil, ou ſi pres, que 
je nat pu en tirer aucune conſequence contre la regularite du retour du yerrei 
ſa meme longucur dans la meme temperature, Dans une des quatre experiences 
il y revint exactement; dans un autre le jour me manqua pour obſerver ce derniei 
point, mais je pus juger par les pas prẽcẽdens, qu'il ſeroit juſte; et dans les deux 
autres les differences auroient indcique que le verre auſſi avoit conſerve un 
peu de fon allongement: mais la quantite ẽtoit fi petite, que lors meme qu'elle 
ſeroit reelle, on pourroit la regarder comme nulle dans la pratique. 
Le verre eſt donc la maticre la plus propre a ſervir de terme de comparado 


dans les experiences ſur les dilatabilites comparatives des corps; puiſque les irrẽgu- 
| Jarites 
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ever irregularities there might be in the obſervations, 
they would certainly ariſe only from the bodies that may 
be compared to it, and might for that reaſon be more 
eaſily aſcertained and determined. It has even another 


uſeful property for ſuch a purpoſe, and that is, its being 


one of the leaſt dilatable of all bodies, from which it 


would almoſt always happen that it ſhould be the rod of 
glaſs which would be fixed, the other being ſhorter; 
which would prevent making any changes i in the — 
ratus. 

Glaſs, as I have ſaid before, would likewiſe be an uſeful 
ſubſtance for the pendulum; fince one might depend 
upon the conſtancy of the progreſs of its variations by 
heat. It i 18 true, indeed, that its fragility \ would be an ob- 
jection to uſing it in common clocks but the aſtronomer, 

accuſtomed 


laritès qu'o on appercevroit dans les obſervations, ne viendroient ſurement que des 
corps qui lui ſeroient compares, et pourroient etre par 1a plus aiſẽment con- 
ſtatees et dẽterminces. Il a meme encore pour cet uſage une autre propriẽte 


utile; Ceft d'etre un des moins dilatables des corps: par 1a il arriveroit preſque 
todjours que ce ſeroit la branche de verre qui feroit fixẽe, Vautre étant plus 
ourte; ce qui ẽpargneroit des changemens dans I' appareil. 

Le verre ſeroit encore, comme je Pai deja dit, une maticre precieuſe pour le 
pendule; puis qu'on pourroit compter ſur la conſtance de fa marche dans les va- 
Sa fragilite ſeroit ſans doute une objection pour les pen- 

L 112 


riations de la chaleur, 
| dules 
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accuſtomed to reſpect his clock as well as all his other in- 
ſtruments, would not be prevented by this conſideration. 
This regularity of the returns of glaſs to the fame 
length by the ſame temperature in my four experiments, 
is likewiſe a proof of the exactneſs of the inſtrument; 
and if the value of the parts of the Micrometer was well 
aſcertained, one might be ſure of the abſolute expanſion: 
| of the glaſs I made uſe of. 
” dare not yet be poſitive that this i is ſo, becauſe 1 part 
of the ſcrew which meaſured theſe expanſions 1 is not the 
ſame as that which meaſured the parts of my ſcale. But I 
: for an experiment which it ſhould be neceſſary to make 
only once, it would be eaſy to meaſure the expanſions of 
the glaſs by many parts of the ſcrew, in the intervals of 
_ thoſe turns which had. ſerved t to meaſure the parts of the 


ſcale, 


dules ordinaires; mais P' Aſtronome, accoutumẽ᷑ i reſpecter ſa pendule comm? 
tous ſes autres inſtrumens, ne ſera pas-arrete par cette conſideration, 

Cette regularite des retours du verre a la meme longueur par la meme temp6- 
rature dans mes quatre experiences, eſt auſſi une preuve de rexactitude de Pin- 

ſtrument. Et fi la valeur des parties du Micrometre ẽtoĩt bien determinee, « on 
pourroit etre ſur de expanſion abſolue du verre que j 'employai. 

Je ne puis pas Vaſſurer encore, parce que la partie de la vis qui meſura ces 
expanſions, n'eft pas la meme que celle qui meſuroit les parties de mon echelle. 
Mais il feroit aiſe, pour une experience qu'on ne ſeroit oblige de faire qu'une 
fois, de meſurer les expanſions du verre par pluſieurs parties de la vis, dans Pin- 
tervalle de ſes tours qui auroit ſervi a meſurer les parties de Vechelle, pour 

7 prendre 


ore be thus determined; and by fixing to it afterwards 


regular in my experiments, they did not obſerve the ſame . 
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ſcale, in order, if the reſults ſnould happen to be dif- 
ferent, to take a mean of them. In a word, for this one 
meaſure one might uſe all the precautions that are not 
grudged 1 ina fundamental experiment, ROUSH Of one is apt 
to neglect them in common uſe. 

The expanſion of a certain rod of glaſs might there- 


any other ſubſtance, in the manner which I have ex- 
plained, one would have, .by means of the immoveable 


wire alone, their abſolute expanſibility, free from any 
ſenſible error occaſioned from the inſtrument. 


Notwithſtandin g that the expanſions of the glaſs were 


progreſs as my Thermometer i in their degrees. Thoſe 
of the glaſs were always increaſing, or its condenſations 


decreaſing, 


prendre enſuite le milieu entre les reſultats, s' ils ẽtoĩent differens. En un mot on 


pourroit prendre dans cette meſure unique, toutes les precautions qu'on ne re- 
grette pas dans une experience fondamentale, mais qu on neglige fi aiſcment dans 
Fuſage ordinaire. 

On determineroit done ainſi expanſion d'une certaine branche de verre, 
Fapres laquelle, en attachant enſuite a cette branche toute autre matière comme 


je Pai explique, on auroit, par le fil immobile ſeul, leur expanfibilite abſolue 


*xempte de toute erreur ſenſible provenant de Vinftrument. : 
Quoique les expanſions du verre ſe trouvaſſent regulieres dans mes expe- 


riences, elles ne ſuivirent pas la marche du Thermometre dans leurs degres : 


celles du verre furent toiijours eroiſſantes, ou ſes condenſations decroilantes, 
compa- 
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decreaſing, comparatively, with thoſe of the quick filver 
in the Thermometer. 

Having obſerved this progreſs of the glaſs very clearly 
in my three firſt experiments, I directed the laſt to the 
| purpoſe of aſcertaining it, and for this reaſon I made it 
with the greateſt care. I firſt of all adjuſted the Micro- 
ſcope to the point at the extremity of the glaſs, the two 
wires coinciding, and the water being at 10*: I after- 
wards changed this firſt water into warm water of 70˙ 
and was obliged to move the moveable wire 7,0 turns 
of the ſcrew to reach the Point. 1 then cooled the 
0 water progreſſively by 109 at a time, and theſe are the 
proportions of the condenſations of the glaſs as ther 
were marked by the moveable wire regreſſix ely, 31, 29, 
26, 24, 22, 19. Theſe are twentieth parts of the turns 
af the ſcrew, the ſum of them makes 7756 turns, by 
which 


— — — — — — 5 a — 


comparativement a celles du mercure 4 1 Tbermometre. 
Auyant remarque cette marche du verre d'une manière tres ſenſible dans mes 

trois premicres experiences, je dirigeai la quatricme vers le but de la determiner, 
et je Pexecutai pour cela avec le plus grand ſoin. Pajuſtai d abord le Microſcope 
ſur la pointe qui Etoit à Vextremite du verre, les deux fils coincidant, et eau 
Etant a 102 je changeai enſuite cette premiere eau en de l'eau chaude a 705%: et 
il me fallut mouvoir le fil mobile de 7,6 tours de la vis, pour attendre la pointe. 
Puis je refroidis l'eau de 10 en 10), et voici les rapports des condenſations du 
verre, tels que le fil mobile les indiqua en retrogradant: 31, 29, 26, 24, 22, 19. 


Ce ſont des 20 de tours de la vis; leur ſomme fait les 7,6 tours dont la vis 
s'etoit 
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- which the ſcrew had got forward; and it is this one, of 
my four experiments, in which J faid that the return of 
the glaſs to the point from whence it had ſet out was 
pertectly exact. Theſe numbers are ſenſibly ; in arithme- 
tical progreſſion; but I do not pretend to infer from 
thence, that this is the true law obſerved by the condenſa- 
tions of glaſs, compared with the condenſations of quick- 
ſilver equal between themſel ves; to affirm that, one 
ſhould have examined the Micrometer better. MW 

evident, however, that they are conſiderably decreaſin g. 
1 muſt mention here, why I choſe to obſerve the con- 
denſations of glaſs in water ſucceſſively leſs heated, ra- 
: ther than its dilatations in water ſucceſſively more 
| heated. It is becauſe by this means I brought the water 
with much more certainty to an uniform temperature. 
4 
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V ctoĩt avancee; et c'eſt celle de mes quatre experiences ou j'ai dit, que le retour du 
verre a ſon point de depart fut parfaitement exact. Ces nombres ſont ſenſible- 
ment en progreſſion arithmẽtique; mais je ne pretends pas en conclure que ce 
ſoit la la vraie loi que ſuivent les condenſations du verre, comparativement a des 
condenſations du mercure egales entr'elles; il faudroit pour cela avoir mieux 
examine le Micrometre: cependant on volt au moins avec certitude qu elles ſont 
confiderablement decroifſantes, 

Je dois faire mention ici de la raiſon pour laquelle | yal i prefers d'obſerver des 
condenſation du verre dans l'eau ſueceſſivement moins chaude, plutot que ſes 
dilatations dans l'eau ſucceſſivement plus chaude. C'eſt que par cette voye 
j amenois beaucoup plus ſurement mon eau à une temperature uniforme. 


Si 
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If you pour warm water upon water that is leſs warm, 
whether it be that the firſt, being lighter, remains at 
the top, or that heat deſcends difficultly in water, or 
from both cauſes united, certain it is, that there may be 


ſurprizing differences between the top and the bottom. 


My Thermometer, as I ſaid before, was hung in ſuch a 
manner that the ball of it was near the middle of the rod 


of glaſs. When I poured warm water ſlowly upon water 
that was leſs warm, it ſometimes happened that the 
Thermometer did not vary till I had mixed them. I tried 
to convey warm water to the bottom through a pipe; but 
it immediately roſe: and if the Thermometer did not 
happen to be upon its aſcending ſtream, it ſtill roſe very 
little, and it was always requiſite to ſtir the water before the 
Thermometer was fixed. On the contrary, when! poured 
Water 


3 ͤ—- 
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81 res verſe de peau chaude ſur de Peau moins chaude; ſoit que la premicre 
Etant plus legere reſte a la ſurface; ſoit que la chaleur deſcende difficilement dam 
eau; ſoit par Pune et autre de ces cauſes; il peut y avoir des differences de 
_ chaleur ſurprenantes entre le haut et le bas. Mon Thermometre, comme je Pai 
dit, ẽtoit ſuſpendu de manière que fa boule Etoit au milieu de la hauteur de la 
branche de verre. Quand je verſois lentement de eau chaude fur de Peau moins 
chaude, il arrivoit quelquefois que le Thermometre ne varioit pas juſqu'à ce 
que je les euſſe melees. Je voulus eſſayer de porter l'eau chaude dans le fond par 
un tuyau; mais elle gelevoit auffitot: et fi le Thermometre ne ſe trouvoit pas 
ſur ſon paſſage, il montoit peu encore; et toũjours il falloit beaucoup agiter I'cau 
avant qu'il fat immobile, Au contraire lorſque je verſois Veau moins chaude 
ſur 
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| water leſs warm upon warmer water, it was ſcarce neceſ- 
ſary to ſtir the mixture: before 1 had done it, the Ther- 
mometer had almoſt quite fallen to the point of the 
mean temperature. This therefore is much the ſafeſt 
method for all operations of this kind. I had already 
experienced it in the compariſon of Thermometers made 


of different liquors, which I have mentioned i in my work 
above quoted. 
By operating in this manner I was ſure to have given 

the rod of glaſs the degree of heat indicated by my 
Thermometer ; ; and I repeat it, without affuring that 
the numbers above written give us the true law of the 
condenſations of glaſs comparatively with degrees that 
are equal among themſelves upon the Thermometer, 
their difference 1s too great, and too regular not to point 
out a progreſſion ny een. Here 


{ur l'eau plus chaude, je n'avois vreſfque pas beſoin Cagiter le melange; avant 
que je l'euſſe fait, le Thermomeètre ayoit baiſſẽ — entière ment au point * 
la temperature moyenne. 
C'eſt donc la methode la ** ſure de beaucoup pour toutes les opèrations de 
ce genre. Je Pavois deja Eprouve dans la comparaiſon des Thermom: tres de 
diferentes liqueurs dont Jai parle dans mon ouvrage cite ci-devant. 

En operant donc de cette maniere jetois fiir d'avoir communique à ma 
branche de verre la chalcur qu'indiquoit mon Thermometre. Et je le repete, 
{1ns aſſurer que les nombres rapportẽs ci deſſus nous donnent la vrale loi des con- 
denſations du verre, comparativement i des degres ẽgaux entrieux ſur le Ther- 
mometre, leur difference eſt trop grande et trop regulicre, pour ne pas indiquer 


une progreſſion ſenſiblement decroiſſante. — 
Vol. LXVIII. * M m m Link 
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Here then is a ſecond inſtance in theſe experiments 
alone, of the difference there may be between the lay; 

that follow in their progreſs different effects of the ſame 

cauſes; an object very important in natural philoſophy, 
and to the elucidating of which I dedicate the ſecond 
part of this Paper. 


PART 


Ainfi voila le ſecond exemple, dans ces experiences ſeules, de la difference 
qu'il peut y avoir entre les loix que ſuivent les differens effets des memes cauſes; 
objet important en phyſique, et auquel je deſline la ſecond partie de ce Memoire, 


SECOND? 


PART THE SECOND. 


Obſervations upon phyſical meaſures. 


MOST of our phyſical inſtruments are meaſures of 


effects. The progreſs made i in natural philoſophy, en- 
creaſes every day the number of theſe meaſures; or ra- 
ther it is by the encreaſe of them that natural philoſophy 
has been ſo much improved within a century, and that 


it ſtill continues daily to improve. In proportion as its 


different branches encreaſe or extend themſelves, we ſee 


the catalogue of our meters encreaſe. Inſtead of continu- 
ing to be ſatisfied with perceiving, with conjecturing, 
with formin, g ſyſtems upon what is improperly called the 
poſſible, and i is in fact the land of viſions, we endeavour | 
to 


8 EC ON DE PART IE. 
| Remargues fur les Meſures pbyſi ques. 


LA pläpart de nos machines de phyſique, ne ſont que des meſures deffets. 


Le perfectionnement de la Phyſique augmente tous les jours le nombre de ces 
meſur s; ou plutot, Ceft par leur augmentation que la phyſique a tant gagne 
depuis un ſiꝭcle, et qu'elle gagne encore chaque jour: nous voyons s'accroitre le 

catalogue de nos metres, a meſure que ſes diverſes branches ſe dé veloppent et 


8etendent, Peu contens aujourd'hui d'appercevoir, de conjecturer, de faire des 


ſyſtemes dans ce qu'on appel le improprement le poſſible, et qui n'eſt que la 


region des chimꝭ res, nous entreprenons de decouyrir les cauſes par leurs cffets, 
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to inveſtigate cauſes through their effects, by meaſuring 
theſe wherever nature gives us a ſufficient hold, in order 
not to be deceived by ſemblances of truth. b 
The firſt rays of this light, the dawn of all true know- 
ledge in philoſophy, were extremely weak. At firſt 
- philoſophers were fatisfied with having inſtruments 
which indicated. the exiſtence of certain cauſes that our 
Organs could either not diſcover at all, or diſcovered | 
very imperfectly. Hence the modeſt names given by the 
firſt inventors to their inſtruments. They called only 
Baroſcopes, Thermoſcopes, Microſcopes, thoſe inſtru- 
ments which were intended to ſhow the weight of the 1 
” air, the dilatation of bodies * heat, the + Ons which I 
: eſcaped the naked eye. | 
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en meſurant ceux - ci, partout ou la nature nous donne quelque N., Jour! n eue q 
pas trompes par des appergus. f 
| Les premiers rayons de cette lumiere, qui etoĩent Paurore des vrayes connoiſ- f 
ſances en phyfique, furent d'abord tris foibles. On ſe trouva bien content 
avoir des machines qui fiſſent appercevoir ſurement Vexiſtence de certaines 
cauſes, que nos organes ſeuls ne pouvoient decouvrir, ou ne decouvroient que 
tres imparfaitement. De là les denominations modeſtes que les premiers inven- F 
teurs donnèrent à leurs machines. Tls n'appellerent que Baroſcopes, Thermo- 
ſcopes, Microſcopes, leurs inſtrumens deſtines a montrer, le poids de Pair, la 
dilatation des corps par la chaleur, les objets qui echappent ; a la vue. = I 
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Theſe names were too ſoon changed, in calling mea- 
es what was not yet fuch; but we every day become 
more delicate with reſpect to the conditions they require; 
and the progreſ $ made towards perfecting them, are the 
moſt effectual ſteps which have been made towards the 
knowledge of Nature; for it is they that have given us 
© : diſguſt to the jargon of ſyſtems, founded upon mere 
1 hypotheſes or deceitful appearances, the conſequences of 
wich were ſpreading faſt into metaphyſics, in which it 
occaſioned general confuſion. 

The improvement of phyſical meaſures does not only 
lead us to a better knowledge of the immediate cauſes of 
the effects thus meaſured, but it aſſiſts us in decompoſin g 
complex effects, and eſpecially i in diſcoverin g and deter- 
mining the ſimultaneous effects which I ſhall hereafter ; 
name the co- effects of the ſame cauſes. | 
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On a change trop tot la terminaiſon & ces noms et t de bien q autres ſemblables, 
en qualifiant de meſure ce qui ne Petoit point encore. Mais chaque jour on 
devient plus delicat ſur les conditions qu'elles exigent; et les progres vers leur 
perfection, ſont les pas les plus reels qu'on ait faits vers la connoiſſance de la 
Nature: car ce ſont ceux qui ont le plus contribue à nous dẽgouter du jargon des 
ſyſtemes fondes ſur des hypotheſes ou des apparences trompeuſes, dont les conſe- 
quences paſſoient en foule dans la Metaphyſique, et y boulverſoient tout. 

Le perfectionnement des Meſures phyfique ne nous conduit pas uniquement 
a mieux connoitre les cauſes immèdiates des effets mẽſurẽs; mais il nous aide a 
decompoſer les effets complexes, et ſurtout a decouvrir et determiner les cffets 
limultanes, que je nommerai dans la ſuite les co-effets des memes cauſes, 


Quand 
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When from experiments, ſometimes very nice, we 


have aſſured ourſelves that two or more effects con- 
ſtantly go together in certain relations, we may content 
ourſelves with obſerving the moſt evident of them, | 
and depend upon the exiſtence of the others, as if they N 
were immediately obſerved. This leads us from relation lll * 
to relation to the diſcovery of operations of Nature which 1 
before were entirely hidden: and nothing can be more f 
uſeful to man, than ſometimes to examine, how he rea- 
ſoned upon thoſe objedts dne he was guided by | Ef 
1 5 u 
: experience. | 
Theſe inſtances of the connections of effects,diſcovered, | a 
and afterwards meaſured one by the other, are now be- 
Fi 
come ſo frequent i in natural philoſophy that it would be " 
uſeleſs to inſiſt upon them: and indeed when one conſiders 
our phyſical inſtruments, one may ſee that the greateſt 
Quand par des experiences, ſouvent tres dElicates, nous nous ſommes aſſures i te 
que deux ou plufieurs effets marchent toũjours enſemble dans certains rapports, 2 
nous pouvons nous contenter d'obſerver le plus evident, et compter ſur lexiſtence ¶ 4. 
des autres comme s'ils Etoient immediatement maniſeſtes; ce qui nous conduit, un 
de rapport en rapport, a decouvrir des operations de la Nature, qui avant cela IP 
nous Etotent entièrement voilees: et rien n'eſt plus neceſſaire a ' Homme, que trig 
d'examiner quelquefois comment il en raiſonnoit avant qu'il eũt ces {ecours. 3 


Les exemples de ces liaiſons d'effets, decouverts, et meſures enſuite les uns par 
: . h 3 0 2 „ | 5 Fa pa *1 
les autres, ſont aujourd'hui fi multiplies dans la Phyfique, qu'il ſeroit inutile 


d'inſiſter ſur ce point: et quand on conſidère meme l'enſemble de nos machines 
de 3 
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part of them are intended only for the diſcovery of co- 
effects, by the knowledge of thoſe which are more evi- 


dent. Our ſearch after new meaſures has likewiſe the 


fame end in view. If we wiſh for an Hygrometer, an 
Electrometer, a Photometer, it 18 leſs with a deſign of 


arriving by means of them to a knowledge of the 


abſolute or relative quantities, of moiſture, of electric 
fluid, of light, than to endeavour afterwards to connect 
te perceptible effects of theſe cauſes upon our mea- 
ſures, with other leſs evident effects, but which depend 
upon them, either as ſeparate co- effects, or as modifica- 
tions of other effects. 

With all this the general problem of phyſic cal mea 
ſures is a complicated one from the firſt outſet. The 
firſt object of all theſe meaſures is to know the exiſtence 
of a ſimple cauſe and of its degrees of intenſity; and we 

have 
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ce phyſique, on voit que le plus grand nombre weft deftine qu'a determiner des 
co-effets, par la connoiſſance de ceux qui font le plus evidens. La plũpart aufh. 
de nos recherches de nouvelles meſures tendent à ce meme but. Si nous deſirons 
un Hygromꝭtre, un EleQrometre, un Photometre, c'eft moins pour connoitre, 
en les obſervant, les quantités abſolues cu relatives de l'humiditẽ, du fluide Elec- 
trique, de la lumiére; que pour travailler enſuite à lier les effets ẽvidens de ces 
cules ſur nos ineſures, A d'autres effets moins évidens qui en dependent, Ou 
comme co- effets {Eparts, ou commꝭ modifications d'autres elfets. - ; 

Cependant le problème genëral des meſures phyſiques eſt compliquẽ des ſon 
premier pas. Connoitre Pexiſtence Pune cauſe ſimple et ſes degres d' ntenfite, 


eſt 
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have nothing to come at it, but the effects which this 
cauſe produces upon other bodies, which, for the moſt 
part, do themſelves comprehend a great number of 

other cauſes. 
abſolutely ſimple; and conſequently, ſenſible effects 
which are equal amongſt themſelves, do not point out 


degrees likewiſe equal amongſt themſelves in the cauſe | 
to which they are attributed. What, for inſtance, are 
our meaſures of heat? The dilatations of bodies. What 


our meaſures of the weight of the air? The Height of 
the quickſilver i in the Barometer. But the dilatation of 


bodies by heat depends upon the nature of bodies, as well 
for its quantity, as for the law of its progreſſion by equal 
augmentations of heat; and the effects of the weight of i 
the air upon the quickſilver of the Barometer, are modi- 4 
fied * the different degrees of the heat of this liquid, ; 
by 


— 


. i 
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We can never therefore, obſerve effects 


| 


eſt le premier objet de toutes ces meſures; et nous n'ayons pour y arriver, que : 
les effets que produit cette cauſe ſur certains corps, qui deja eux-memes renfer- 


ment le plus ſouvent une multitude d autres cauſes, 


Jamais donc nous ne pou- 
vons obſerver des effets abſolument ſimples; et par conſequent, des effets ſenſibles 
qui ſont Egaux entr'eux, ne marquent point des degres, auſſi ẽgaux entr'eux, 
dans la cauſe 3 laquelle nous les attribuons. Qu'eſt-ce par exemple que nos 


meſures de la chaleur? Ce ſont les dilatations des corps. Qu'eft.ce que la ] 


meſure du poids de Vair? C'eſt la hauteur du mercure dans le Baromꝭ tre. Et deja 
la dilatation des corps par la chaleur depend de leur nature, tant pour ſa quan- 
tits, que pour la loi de ſes progres par des augmentations Egales de la chaleur: t 


Feffet du poids. de Pair ſur le mercure du Barometre eſt modifie, par ſes divers 
** 
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by the nature of the vacuum in which it is ſuſpended, 
by the attraction of the glaſs, by the friction, perhaps by 
the permeability of glaſs to ſome particles of that mixed 
fluid to which we give the general name of air, or by 
various other cauſes that are equally unknown to us. 
The ſame holds true with regard to all other phy ſical 
meaſures; and this firſt ſtep of the ladder, by which we 
ſtrive to raiſe ourſelves to the knowledge of cauſes, is 
dready very difficult to aſcertain. 

The ſecond, however, is much more ſo, ſince it de- 
pends upon determining the co- effects of the ſame 
cauſes, either i in the ſame or in different bodies. Thus | 
when we ſhall be poſſeſſed of an Hygrometer, we ſhall 
endeavour ro find out what effects this bumor, whoſe 
preſence and degrees will be indicated by the inſtrument, 


produces 


hn ; * 9 — 6 ä OE) 
— — — * — — 


legrẽs de chaleur de ce liquide, par la nature du vuide dans lequel il eſt ſuſ- 
pendu, par l'attraction du verre, par le frottement; et peut-ẽtre encore par la 
permeabilite du verre à quelques particules de ce que nous appellons en general. 
lar, ou par d'autres cauſes qui nous ſont Egalement inconnues. II en eſt de 
meme de toutes les autres meſures phyſiques; et ce premier echellon, par lequel 
nous cherchons i nous Eleyer a la connoiffance des cauſes, eſt deja tres difficile à 
bien afſurer, 
Mais le ſecond Veſt bien advantage. Il conſiſte 3 determiner les co effets des 
nemes cauſes, ou dans les memes corps, ou dans des corps differens. Ainſi, 
ſuand nous aurons un Hygrometre, nous chercherons a ſavoir quel effet produit, 
ur Pyvoire qui s 'allonge, ſur les ſels dont le poids augmente, fur la denſitẽ de 
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produces upon ivory which lengthens, upon ſalts whoſe 
weight increaſes, upon the denſity of the air which 
varies, upon its ſalubrity, its refringent power, &c. 

But even when this is done, we ſhall be embaraſſed by 
the degrees of theſe co- effects; probably they will not all 
increaſe in the ſame proportions as the dilatations of the | 
ivory, or the augmentations of the weight of an abſorbant J 
body; and a great many experiments will be neceſſary to 
diſcover the laws they obſerve by the different intenſities ; 
of this common cauſe. 
It is notwithſtanding upon relations of this ſort, that 3 
every thing depends in experimental philoſophy and in- 
deed in all true philoſophy. Conſequently, the perfect- J 
ing the methods of determining theſe relations muſt 4 

be a principal object with all good philoſophers. I vin 
| not 


* . 1 FS ; 2 ; : 
ny — 


Fair qui varie, fur ſa ſalubrité, ſur ſa vertu refringente, cette bumor dont la A 
preſence et les degrẽs ſeront indiquẽs par l'inſtrument. „ 4 

Mais alors encore les degres des co-effets nous embarraſſeront: il ne croitront 
pas vraiſemblablement dans les memes rapports que les dilatations de 1'yvoire, 4 
du les augmentations de poids d'un corps abſorbant; et il faudra bien des expẽ- J 
riences pour decouvrir les loix quiils ſuivent par les differentes intenfites de cette I 
cauſe commune, | 

C'eſt cependant ? à des rappor! ts de ce genre que tout ſe r&duit dans la phyſique f 
experimentale, et par cela meme dans la bonne phy ſique ſpeculative qui ne ſe ö 
paye pas de mots. Par conſequent le perfectionnement des méthodes pour de- I 


terminer ces rapports, doit etre un des objets de la plus g grande attention des Phy- q 
ſic lens. 9 
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not enter into the methods which lead us ſtep by ſtep 
to the diſcovery of the correſponding progreſſions of co- 


effects of the ſame cauſes: it would be too difficult to 
generalize them whenever one went beyond that funda- 


mental principle of all ſcience, ſound logic; and, what is 
the beſt preſervative againſt precipitation, the knowledge 


of the weakneſs of our Organs and of our under- 


ſtanding. 


But it 1s not always practicable to trace in all its 
points, the curve that is deſcribed by a ſeries of cor- 
reſponding phenomena; and we are often forced to con- 
tent ourſelves with conſidering as proportional in all 
degrees of intenſity of the cauſe, ſome relations that have 
been either obſerved or found by experiment. This ex- 
pedient one is likewiſe often reduced to in practice, i in 


order not to complicate proceſſes W ithout reaſon. Thus, 


for 


® . 5 "Ys 12 2 


2 4 ; 5 


ficiens, Je ne m' arrèterai pas à celles qui conduiſent a decouvrir pas à pas les 
marches correſpondantes des co- effets des memes cauſes: il ſeroit trop difficile de 


les gẽnẽraliſer des qu'on voudroit aller au de là de ce principe fondamental de 


doute ſcience, une bonne logique; et de ce prẽſervatif contre la precipitation, 
iz connoifſance de la foiblefie de nos organes et de notre intelligence. 


Mais il n'eſt pas todjours poſſible de tracer par tous leurs points, les courbes 


que deerivent les ſuites des phẽnomòꝭ nes correſpondants; et Pon ett ſouvent rẽduit 


« fe contenter de regarder comme proportionnels dans tous les degres d'intenſitẽ 
de la cauſe, quelques rapports obſerves ou trouves par Pexperience, C'eſt meme 


un expedient auquel on eft le plus fouy ent reduit dans la pratique, pour n'y pas 


compliquer les procèdẽs fans avantage. Ainſi dans le Pendule, comme dans mon 
— Nan Hygrometre, 
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492 Mr. DE LUC on 
for inſtance, in the Pendulum and in my Hygrometer, if 
one would take notice of the different laws which fol- 


low, in their dilatations by heat, the ſubſtances whoſe et- 


fects one means to compenſate the one by the other, be- 


fides the difficulty of finding theſe laws, the application | 
might perhaps throw us into mechanical complications, 


that would deſtroy all the exactneſs we want to pro- 
duce by theſe means. 
In general, the fixing of laws is ſcarce « ever the firſt 
ſep taken i in new diſcoveries. One begins by eſtabliſhing 
by experiment ſome fundamental relations, and one con- 
ſider afterwards the correſponding points of the Pheno- 


mena as being proportional, till be degrees, overcoming 
the difficulties, one becomes to grow familiar with what 


one uſed to look upon before as great ſtrides; and one 


perceives 


Hygrometre, fi Pon vouloit avoir Egard aux differentes loix que ſuivent dans 
leurs dilatations par la chaleur, les matières dont on cherche à compenſer les 


effets les uns par les autres; outre la difficulte de decouvrir ces loix, on fe jetteroit 


peut - ètre dans des complications mẽcaniques, qui detruiroient toute Texactitude 


qu'on vouloit chercher par ce moyen. 
En general, dans toutes les nouvelles decouvertes, les — pas ſont rare- 


ment des fixations de Loix. On ẽtablit quelque rapports fondamentaux par I'cx- 


perience, et Pon regarde les autres points correſpondans des phenomenes, comme 
proportionnels a ceux là; juſqu'à ce que, ſurmontant par degre les obſtacles, on 
fit parvenu a ſe familliariſer avec ce qu'on regardoit d abord comme de grands 
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perceives that there are greater ſteps that may and ought 
to be made. 

It is uſeful, therefore, to conſider in what manner one 


might with ſome ſafety mark out theſe firſt ſketches of 
the laws of Nature, by finding the particular relations of 
me co-effects which might be applied with leaſt error to 
proportional ſcales. It will be contributing to bring for- 
ward the moment in which, ſeein g clearer into the na- 
ture of things, and having learnt to diſtinguiſh real 


knowledge from what has only the appearance of it, we 


ſhall be led to ſeek for exa@tnels 1 in every thing: 


2 —— r * — — — — _ ——— * 
— — — —_— — Cc W_C_— —}J CE 


pas, et à ſentir qu il faut et qu 'on peut aller plus loin. 
Il eſt donc avantageux de confiderer, comment on pourroit tracer avec quelque 


ſuretẽ ces premieres eſquiſſes des Loix de la Nature, en trouvant les repports parti- 


culiers des co- effets qui s appliqueroient avec le moins d'erreur a des echelles 
proportionnelles. Ce fera accelerer le moment, on, voyant plus clair dans la 


nature des choſes, et diſtinguant bien les connoiſfances rẽelles, d'avec ce qui n'en 


2 que Fapparence, nous nous ſentirons conduits 3 n chercher Teractitude par- 
tout. 


Mayen 
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4 p- aclical method of approximation in the deter mMimation 


of the co-effects * tbe fame cauſes, 


It has been thought hitherto, that in order to leſſen 
the effects of the errors which are unavoidable in obſer- ; 
vations and experiments, one ought to look for the rela- N 

tions of the co- effects at the greateſt poſlible diſtances; 

becauſe in that caſe the errors being divided upon a - 
greater ſpace, each ſeparate part 18 leſs affected by them. ; 

Thus, 1 in order to find the relation of the dilatations of : 

braſs and ſteel employed i in the Pendulum, „ one would 

willingly expoſe theſe metals to an artificial congelation I 

and to the heat of boilin 8 oil, that, by meaſuring greater I 

lengthenings, 7 


Mayen pratique d approximation dans la fixation des rapports des ec Nets der memes - 


ca uſes. 


On a imagine juſqu'ici, que pour diminuer les effets des erreurs indvitables A 
dans les obſervations et les experiences, il falloit chercher les rapports des co- 4 
effets aux plus grandes diſtances poſſibles; parce que ces erreurs ſe diviſant ſur un = | 
plus grand interyalle, deviennent plus inſenſibles fur chacune de ſes parties. 
Oeſt ainſi que pour trouver le rapport des dilatations du Icton et de Pacier quon 
employe au Pendule, on expoſeroit volontiers ces mẽtaux à une congelation artl- f 


ficielle et à la chaleur de Fhuile bouillante; afin que pouvant meſurer de plus 2 
grand? 


lei 
| be 


te! 
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iengthenings, the imperfection of the meaſure might 
become inſenſible in the determination of their relation. 
This method is indeed very good to compare with 
each other effects, the progreſſions of which are Propor- 
tioned; and one 18 right to make uſe of it whenever extent 
or weight is concerned. But it is often very deceitful in 
phyſics: : for as the co- effects ſeldom go by proportional 
degrees, the more the obſerved points of their relations 
re diſtant, the more the deviations become conſiderable 
in the intermediate points, when they are conſidered as 
proportional to the whole. It is thus that two different 
curves, which cut each other in two points, deviate the 
more from each other in the ſpace comprized between 
the two interſections, the more diſtant the Points of j in- 
terſection are from each other. Now the correſpondent 


| points, taken by obſervation i in two ſeries of phenomena 
which 


£ N 
1 — 1 
— 


„ * — — 


winds allongemens, 33 de la meſure devint ;nſenſible FR la fixation 
de leur rapport. 

Cette mEthode ſeroit tres bonne pour comparer entr'eux des effets qui auroient 
des marches proportionnelles; et on l' employe avec raiſon quand il s'agit de l ten- 
aue ou des poids: mais elle eſt le plus ſouvent fort trompeuſe en Phyſique, Car 
des que les co- effets marchent rarement par degres proportionnels, plus les points 
obſervés des rapports ſont diſtans, plus les écarts deviennent grands dans les 
boints intermédiaires, en les regardant comme proportionnels au rapport total. 
Cc ainſi que deux courbes 8 qui ſe croiſent en deux points, s cartent 
Cautant plus Pune de Pautre dans Vintervalle des deux interſections, que ces 


points de rencontre ſont plus eloignes, Or les points correſpondans par obſerva- 
7 tion, 
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which follow different laws, are the interſections of the 
curves; and the errors we make in the intermediate re- 


lations when we conſider them as proportional, are 


like the deviations of the two curves in the interval of 


the interſections. 
The effect then intended to be produced by taking 
very diſtant points of compariſon being, in general, to 


accumulate within the intervals of theſe points the de- 8 
viations of the laws which happen to be different; much 
will be gained, in thoſe caſes in which the laws them- 
ſelves cannot be diſcovered, by ſeeking for points of 
compariſon within the leaft diſtances that the particular 
| obſervations, for which the phyſical meaſures are in- 
tended, will allow. 


It is thus that we have happened to have uſed for a long 


time Thermometers of quickfilver and ſpirits of wine, 


in 


pF 


tion, de deux ſuites de phẽ nomꝭ nes qui ſuivent des loix Irons © has les _—_ 8 | 
ſections de ces courbes; et les errevrs qu'on fait dans les rapports intermẽdiaires bo 

en les confiderant comme proportionnels, ſont comme les ecarts des deux courves | 

dans Vintervalle des interſeQions, LE 


Leffet de prendre des points de comparaiſon fort dens 6 ctant donc en general, 
d'accumuler dans Vintervalle de ces points les Ecarts des Loix qui ſe trouvent dit- 
ferentes, on gagnera beaucoup, dans les cas on Pon ne pourra pas decouvrir les 
Loix elles-memes, a chercher des points de comparaiſon dans les moindres 
diſtances que puiſſent comporter les obſeryations particulières auxquelles on 


deſtinera les Meſures phyfiques, 


C'eſt ainſi que yer hazard on a eu longtems des Thermometres de 
mercure 
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in which the difference of the progreſſions between theſe 


two liquids in their dilatations by heat was not obſerved. 

Mr. DE REAUMUR'S Thermometer, one of the firſt to 
which one endeavoured to aſſign fixed points, was too dif- 
ficult in its conſtruction for each Thermometer to be 


immediately graduated; and indeed the author himſelf 
only uſed his method in making ſtandards to which the 
L Thermometers intended. for common uſes were after- 
wards compared. Abbe NOLLET, his diſciple, who for 

2 long time gave the on for Thermometers in France 
and in the Southern countries, followed his maſter's 
method. The only immediate point he marked upon 


his Thermometers was that of freesing; and he com- 


pared them afterwards in water of 30* of that ſcale j in 


which the real interval between the freezing and boiling 
points ought to be divided into about 100*. By this me- 
thod, 


r 4 2 . j r 


mercure et ꝙeſprit de vin Ou ron ne remarquo!t pas Jos differences de marche de | 
ces deux liquides, Le Tbermomꝰtre de M* DE REAUMUR, bun des premiers 


aux quels on ait tentẽ de donner des points fixes, ẽtoĩt trop difficile a conſtruire, 


pour que chaque Thermomttre pitt ètre race immédiatement. Auſſi Pauteur | 


lui-meme n 'cmployoit- il fa mẽthode quia faire des etalons, auxquels il compa- 


roit enſuite les Thermomttres deſtinés aux uſages ordinalre. MF PAbte 


NOLLET, ſon diſciple, qui pendant long tems a donné le ton paur les Thermo- 
metres, tant en France que dans les pays mèridionaux, ſulvit a methode de fon 


maitre: il ne marquoit immédiatement ſur ſes T hermomctres, que le point de la 
con: zelation et il les comparoit enſuite dans de l'eau a 29? de cette cchc!l: Ja, 


ou 100? environ, di viſoient Pintervalle recl de la cong<lation a Peau bouillante, 
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498 Mr. DE LUC 07: 
thod, and at that period in which natural philoſophy | 
was ſtill very inaccurate, one did not obſerve the dif- 
ference between the progreſſions of ſpirits of wine and 
quickfilver; and 1 in fact it was eaſy to miſtake them. 
have ſhewn it in ſpeaking of theſe Thermometers, and! 
ſhall have occaſion to ſhew it more fully very ſoon. 
This doubtleſs was a defect, and a very conſiderable 
one, whether we conſider that the Thermometer is in- 
by tended to indicate degrees of heat, both much larger and 
much ſmaller than the interval between theſe 30˙; ; Or 
that it is a moſt capital inſtrument in natural philoſophy, i 
and as ſuch may be uſed j in experiments where the leaſt 
defects may have ſenſible conſequences. For theſe 
reaſons I only mention this caſe, as an help for me to 


explain what I propoſe to ſay upon other inſtruments i in i 
which 


Par cette methode, et dans ce tems là on la Phyſique Etoit encore fort peu exacte, 
on ne remarquoit pas la difference-des marches du mercure et de Feſprit de vin, 
& Von pouvoit en effet s'y meprendre. Je Vai montrẽ en traitant de ces Ther- 
mometres, et je le montreraĩ plus particulicrement bientôt. ; 

Cetoit là fans doute un defaut, et un defaut tres grand; ſoit parce que le 7 
Ten re eſt deſtinc à indiquer des degres de chaleur bien plus grands ct £4 
bien moindres que Vintervalle de ces 30®; ſoit parce que c'eſt un inſtrument 
fondamental en Phyſique, qui peut etre employe & des experiences od le moindre 


de faut auroit des effets ſenſibles. Aufh ne rapportẽ je ce cas, que pour m 'expliquer 
6 | plus 
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which a greater degree of exactneſs would be either 
uſeleſs or impoſlible. 

Simple and evident as this principle is, yet, as it often 
happens that obvious ideas do not ſtrike, even becauſe 
their being obvious gives them a trivial air, I will 


ſtrengthen this by uſeful examples, and one offers itſelf 


to which I have been led by the foregoing. | 
Suppoſe one wants to know the dilatations of ſpirit of 


wine by heat, in order to have regard to it in eſſaying the 
ſpirituoſity of vinous liquors, whichi is wont to be eſtimated 
by their ſpecific gravities; an article as every one knows 
of much conſequence i in the brandy trade, and which has 


likewiſe ſome connection with chemiſtry: I ſay, that one 
would make a conſiderable error if, in order to deter- 
mine the relations of the dilatations of the brandy with 


the indications of the quickſilver Thermometer, which 
mould 


„ ” — 
- 4 — —— 


plus 3 dans ce que je me 8 de die ſur ceux on une plus grande 
exactitude ſeroit ou inutile ou impoſſible. 


| Quelque ſimple et evidente que ſoit cette regle, comme il arrive S que 
es idees fimples ne frappent point, preciſcment à cauſe de leur fimplicite qui leur 
donne un air trivial, je fortifierai celle-ci par des exemples utiles. Et en voici 


un d' abord, — exemple precedent m'a conduit. 
je ſuppoſe qu'on veuille connoitre les dilatations de Peſprit de vin par la cha- 
leur, afin d'y avoir ẽgard dans la meſure de la ſpirituoſité des liqueurs vineuſes, 


cſtimee par leur peſanteur ſpecifique; objet important au comunerce conſiderable . 


des eaux de vie, et qui intereſſe auſſi la chimie. Je dis qu'on feroit un grand 
ecart, fi, pour determiner le rapport des dilatations de Feſprit de vin, avec les 
indications du T hermomttre de mercure, qui ſerviroit enſuite 3 à marquer la tem- 

O o o 2 Pesrature 
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ſhould afterwards mark the temperature of this liquor, 
one was to take terms very diſtant from each other, as for 
inſtance the freezing and boiling points; whilſt on the 
other hand, by keeping within the temperatures in 
which the trials ſhould be made, one would come ſo near 
the truth, that the differences would be imperceptible. 
This inſtance, in itſelf uſeful, being proper to be ap- 
plied to every caſe in which we wiſh to compare with 


one another phyſical effects which depend upon the 
ſame cauſe, that we may afterwards judge of them all 
— Wy one, T ſhall dwell upon 1 it a little while to give a full : 


explanation of it. 
1 ſuppoſe that the experiments intended to eſſay 


5 the ſpirituoſity of different liquors diſtilled from g 


wine, by the ſpecific gravities of them, are made be- 
tween the temperatures which anſwer to z2* and 77 


—— 
— 


perature de cette liqueur, on prenoit des termes fort Eloignes, comme la congela- W 


tion et Peau bouillante: tandis qu'au contraire, en ſe renfermant dans les tem- 


peratures on les epreuves ſeroient faites, on approcheroit fi fort de la vere, ** 
les differences ſeroient imperceptibles. 


Cet exemple ayant quelque utilite par lui-méme, et pouvant etre applique a Bl 


toute ſorte de cas on Pon compare entr'eux des effets phyſiques dependants d une 


meme cauſe, pour juger enſuite de tous par un feut, je m'y arrèterai afin de le 
mieux Eclaircir, | 


Je ſuppoſerai que les experiences deſtin&es à ẽprouver les degres de ſpirituoſite 


des diverſes liqueurs diſtillees du vin, par leur peſanteur ſpecifique, ſe feront entre 


les temperatures qui correſpondent à 32 et 7) ſur le Thermometre de FAH- 
RENHEIT 


7 | 


OT( 
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of FAHRENHEIT's Thermometer, as this takes in all the 
ordinary caſes. The queſtion is, to examine which is the 
moſt convenient method of introducing into this mea- 
ſure an equation for the differences of the heat; an 
equation I mean which does not occaſion uſeleſs difficul- 
ties. 

Theſe temperatures 232? and 77 upon FAHRENHEIT” 8 
Thermometer, correſpond with o and 20 upon the ſcale 
of which I have hitherto ſpoken, in W hich the boiling 
point is at 80? and the freezing 0.1 ſhall ſpeak of 
this ſcale, becauſe it is the one I made uſe of in my ex- 
periments on the progreſſions of liquors diſtilled from 
wine in their dilatations by heat, and of which 1 have 
given an account in my work abovementioned®, 


(d) Vol. I. p. 326. 5 
LE I tuppoſe 


RENHEIT, ce qui renfermera tous les cas ordinaires. II s'agit donc d'examiner | 
quelle ſera la route la plus convenable, pour introduire dans cette meſure une 
equation pour les differences de la chaleur, equation qui n 'occafione pas de trop 
grandes difficultes, ſans utilite dans la pratique. | 

Ces temperatures 32? et 7) ſur le Thermomttre de FAHRENHEIT, correſpon- 
dent à © et 20? ſur Pechelle dont Pai parlẽ juſq'ici, où Peau bouillante eft a 80? et 
eau dans la glace a 0. J employerai encore cette Echelle, parce que c'eſt celle 
dont je me ſuis ſervi dans les experiences que Jai faites autrefois ſur la marche 
des liqueurs diftillees du vin, dans leurs dilatations pour la chaleur; experiences 
que Jai rapportecs dans mon ouvrage cite ci- deſſus (d). 


e Tom. I. Pe 3: 6, 


ſions as proportional. Here are the deviations one would 
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I ſuppoſe that, according to the uſual method, il of 


ſeeking for the dilatations of the ſpirituous liquor by v 


great differences of heat, one was to compare its bulk 
in ice that melts and in boiling water, and that not know- 
ing, or not regarding, the different progreſſions of this 
liquor and quickſilver in their reſpective dilatations, 
nor the effect which the difference of ſpirituoſity pro- 
duces in this reſpect, one ſhould conſider theſe progret- ö 


be expoſed to in the limits of the temperatures to which 
the rule ſhould be applied, I mean between o and 209. 
The numbers which are placed in the two columns of | 
the ſpirituous liquors indicate the pro portions of the | 
augmentations of their bulks by the temperatures indi- 1 


cated by the quickſilver Thermometer. I have given to 
the total ſcale of theſe proportions the ame number 


„ 


— — : — 


— — 
— 


Je ſuppoſe q Had» que ſaivant ruſage ll 4 les dilatations de 
la liqueur ſpiritueuſe par de grandes differences de chaleur, on compart ſes 
volumes dans la glace qui fond et dans l'eau bouillante; et qu' ignorant ou nẽgli- 
geant la difference de marche de cette liqueur et du mercure dans leurs dilata- 
tions, ainſi que l'effet que produit meme a cet egard la difference de ſpirituoſit', W 
on regardat ces marches comme proportionelles; voici les Ecarts dans leſquels L 
on tomberoit, dans les limites des CRORE ou Pon appliquerott la regle; ; 
c'eſt a dire de © à 209. 

Les nombres places dans les deux colonnes des liqueurs ſpiritueuſes, marquent 
les rapports de leurs augmentations de volume par les temperatures indiquees ſur 


le Thermometre de mercure, Ja donné a Iechelle totale de ces rapports le 
meme 
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of equal parts as to the Thermometer, in the ſame inter- 
val of temperature, in order that their differences within 
this interval may be viſible without calculation. 


Quickſilver Therm. Fpirit of wine which Brandy, of 2 parts 
9 9 e fires gunpowder, flegm and 3 of this 
Ons ſpitit of wine. 
80 80 80 
20 15,9 
rs s 
10 _ 
5 _ m_ 
Y o 0 0 


one ſees what deviations in general ariſe from ths 
diſtance of the points of compariſon when one comes to 


apply | 


— 8 ; * 


2 2 — — 


meme nombre de parties egales qu'a celle du Thermomttre dans le meme ioter- 
valle de temperature, afin que les differences en W de cet intervalle 8 ; 
goivent a Voeil fans calcul. 


Thermomẽtre de mercure. Efpri de vin qui brule Eau devie faite Je 2 parties de flegme, 
| 99 1 ; 1 poudre. 3 parties de cet * de vin. 
JC | wy 80 
20 16,5 15,9 
15 12,2 RM 
1 19 ed II 
5 329 8 378 
= O 0 


On voit quels ecarts reſultent en général de la diſtance des points de compa- 
raiſon, 
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apply them to the temperatures in which one Preciſely I on 
wants the. moſt exact proportions. One likewiſe may dil 
ſee that the difference of ſpirituoſity only; occaſions very I ch. 
ſenſible ones in the progreſſions of the two ſpirituous | lil 
liquors, and that conſequently one would commit a dou- 
ble error, if one were to conſider the intermediate rela- 
tions as proportional to the total relation, eſtabliſhed 
between quickſilver and one of theſe liquors, only by 
obſervations made in very. different temperatures. 
To the contrary, the fundamental experiments had 


been made at the probable. limits of the obſervations, 


r. 
that is at o and at 20 of the Thermometer , having then 
che real dilatation, between theſe two tem peratures, of the | 
= as 
ſpirituous liquor which ſerved for the experiment, there ; 
. u 
would be only theſe ſmall deviations, expreſſed by the Wl 
com pariſon I 
e 1 5 no 
raiſon, quand on vient à les appliquer aux temperatures oi Von avoit beſoin ; Jon 
preciſement des rapports les plus exacts. On voit auſſi que la difference ſeule de Wy 
| ſpirituoſite, en produit de tres ſenſibles dans la marche des deux liqueurs ſpi- WM 
ritueuſes; et que par conſequent ont tomberoit doublement dans Ferreur, en 
regardant ces rapports intermẽdiaires comme proportionnels au rapport total, 
Etabli entre le mercure et une feule de ces liqueurs par des obſervations a de 
grandes differences de temperature. ; 
S1 au contraire on eut fait les expëriences fondamentales aux limites probables 0 
des obſervations, c'eſt à dire à © et à 20 du Thermomttre; ayant alors la dila- WW I 
tation reelle, entre ces deux temperatures, de la liqueur ſpiritueuſe qui eur ſervi if TN 
2 Pexperience, on nauroit à craindre que les ẽcarts exprimes par les rapports des . qu 


nombres 
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compariſon of the following numbers, in which the total 
allatation of the ſpirituous liquors is again divided into 
the ſame number of equal parts with that of the quick- 
ſilyer in the Thermometer. 


Therm. Dilat. of ſpirit of wine. Dilat. of brandy. 


20 20 20 
15 „ 148 
10 — 9,7 
8 ä BY 


The ſeries of manners which — the dilatations of 
the two ſpirituous liquors remain in the ſame proportions | 
as in the firſt caſe, and conſequently this 1s always the re- 


ſult of the experiment, But theſe proportions come al- 
wn 


— | pe ; 
1 . 88 - 88 Ec” GET IONS» 


» LES 
— — 


nombres ſuivans, ou la dilatation totale des liqueurs ſpiritueuſes eſt encore di- 
rice en un meme nombre de en len, que celle du mercure dans le Ther- 


momètre. | 
Therm. Dilat. de Veſprit de vin. Dilat. de Veau & vie. 
= 20 20 
15 14,8 14,8 
10 9.6 9757 
5 4,7 45,8 
O | 0 | | O 


Les ſuites des nombres qui expriment les dilatations des deux liqueurs ſpi- 
ritueuſes reſtent dans les memes rapports que dans le premier cas; et par contc- 
quent c'eſt totjours le reſultat de Pexperience. Cependant ces rapports ſont deja 

Vor. LXVIIII. * P p p ſi pres 
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ready ſo near to the progreſſion of the quickſilver Ther- 

mometer itſelf, that the effect of the differences of the 
ſpirituoſity almoſt entirely vaniſhes; ſo that there would 

be little error in taking as proportional to the total aug- 
mentation of bulk at 20 of a certain liquor diſtilled | 
from wine, the intermediate dilatations of every other 
liquor of the ſame kind. 

It i is poſſible, however, ſtill to leſſen theſe errors, with- 
out having more than: two terms of compariſon by OX- 
perience, by taking theſe terms within the limits of the 

probable obſervations, and that. for two reaſons. The. | 
firſt, that the more numerous. obſervations will probably 2 

5 be made nearer the points where true proportions have 

been found by experience. The other, that the greateſt 

deviation will be ſtill more leſſened, by throwing part of 
the errors beyond the two real points of compariſon, i in 
order 


ce ———⏑—ñ ⅛—]—/—ßr* mar Mt * 1 FEES. : ; | 8 . 
— tC. 8 ig 3 
— — — — ——— ——— — IS | — ä FER 8 


pres de la marche du Thermomètre meme, que l'effet des differences de ſpi- z 


rituoſitẽ s *evanouit preſque entièrement; et qu'il y auroit peu d'erreur a regarder : 

comme proportionnelle a a Paugmentation totale de volume à 20? d'une certaine 
_ liqueur diftillee du vin, les augmentations untermediares de toute autre liqueur 
du meme genre. 

On peut cependant diminuer encore ces erreurs, fans avoir plus de deux termes 
de comparaiſon par Pexperience, en prenant ces termes en dedans meme des limites 
des obſervations probables; et cela par deux conſiderations, La premiere que les 
obſervations les plus nombreuſes ſe trouveront probablement plus pres des vrais 
rapports fixes par Pexperience; autre que le plus grand Ecart diminuera encore, 
2 en 


| | points. 

If, for inſtance, inſtead of Aeg f from o to 207% 
the increaſe af the bulk of the ſpirituous liquor which 
is to ſerve as a rule, one obſerves it from 5 to 1 55, one 


proportions, as I ſhall ſhew in the lequel. 
Therm. Dilat. of the ſpirits of wine. Dilat. of brandy. 


20 20, 20, 1 
bet I 
= A. 9,8 979 
N F 
TT * a 


pour en diminuer Paccumulation entre ces * 

Si par exemple, au lieu d'obſerver de © a 20? augmentation de volume de la 
liqueur ſpiritueuſe qui doit ſervir de regle, on Pobſerve de 5 à 15, on aura les 
rapports ſuivans, on les marches des deux liqueurs reſtent encore dans leurs pro- 
portions reelles, ce que je montrera dans la ſuite, 


Therm. Dilat. de Veſprit de vin, Dilat. de Veau de vie. 
20 EEE 20,1 
15 "6 - 15 
10 978 979 
* e — 


E | 0,3 3 
— 2p On 
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order to leſſen the accumulation of them within theſe 


i will have the following proportions, in which the pro- 
: greſſion of the two liquors ſtill continue within their real 


en rejettant une partic * erreurs au deli des deux points reels de comparaiſon, 
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It 1s evident then, that there is no longer any ſent ble 
error ariſing from the differences of ſpiritueſity, which 
is already a capital advantage in the caſe propoſed as an 
example; in which, ſince what one wants to know 1 is the 
degree of ſpirituoſity of a liquor, one cannot ſuppoſe it 
known before hand, in order to have regard to it in 
ſeeking for it. One lkewiſe ſees in general, that there i is 
ſcarce any error to apprehend, even in conſidering the 
augmentation of the bulk of theſe liquors, or the dimi- 
nution of their f. ſpecific gravities, as being proportional to 
the indication of the quickſilver Thermometer. 9 
ANere is then the method in which, according to this 
principle, I would conſtruct the comparative Areometer, 
that is ſuch a one as might be made the ſame every 
where. I chuſe this example becauſe it will afford me 
other applications of the general rule. 
Project 


* 


— ä 


1 — 


Oa voit donc qu'il n'y a plus d'erreur ſenſible rẽſultante des differences de 
ſpitituoſitẽ; et c'eſt ꝰ abord un avantage capital dans le cas propoſe pour exem- 
ple, on, cherchant a connoitre le degrẽ de fpirituoſite d'une liqueur, on ne peut 
pas la ſappoſer d'avance pour y avoir ẽgard en la meſurant. On voit aufh en 
general, qu'il n'y a preſque plus d'erreur a craindre, meme en regardant Paug- 
mentation de volume de ces liqueurs, on leur diminution de peſanteur ſpëcifique, 

comme proportionnelles a indication du Thermomttre de mercure. 
Yea d'après ce principe, comment je conſtruirois I Areometre comparable; 
ceſt-a-dire celui qu'on pourroit faire de meme partout. Je choiſis cet exemple, 
parce qu'il me fournira encore d'autres applications de la regle. 


4 5 2 
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Project of a comparable Areometer.. 


I would viſe an Areometer of the moſt common con- 
ſtruction 0. It is an inftrument nearly reſembling the 
glaſs of a Thermometer; that 1s, a tube with a hollow 
ball at one end. The property of this inſtrument i is, that 
it ſinks the deeper into liquids, the more their ſpecific 
gravity decreaſe. But that it may become a common 
Y meaſure of this ſpecific gravity, certain fixed points and: 
determined degrees muſt be aſcertained upon it. 
1 would make this Areometer of glaſs, as bein g the 
ſubſtance which undergoes the leaſt chan ge of bulk 1 


heat, and the changes of which are the moſt regular, at 


{4 f ) See * 3. and its 3 
„„ leaſt 


Idle d'un Artomitre comparable. 


FPemploierois Ia forme d'Areometre qui eſt la plus commune ( 5. C'eſt un 
inſtrument à peu près ſemblable au verre d'un Thermometre, c'eſt a dire com- 
poſe d'une boule creuſe, et dun tube qui lui eſt joint. La propricte de cet inſtru- 
ment eft de s' enfoncer d' autant plus dans les liquides, que leur peſanteur ſpeci- 
ſique eſt moi ndre. Mais pour qu'il devienne une meſure commune de cette pe- 
ſanteur ſpecifique, il faut qu'il ait des points fixes et des degres dctermines. 

Je le ferois de verre; comme ẽtant la maticre qui eprouve le moins de change-- 
ment dans ſon volume par la chaleur, et dont les changemens ſont les plus rẽgu- 


{f} Voyez la fig. 3. et ſon explication. | 
A | liers; . 
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leaſt of all the ſubſtances which are not affected by "Ivy 


midity. I would always uſe flint-glaſs, that its changes 
in this reſpect — be more uniform in all the Areo- 


Meters. 

Its ball ſhould be one inch and an half in dia- 
| meter, and there ſhould be at the bottom of it a little 
Hollow cylinder, which ſhould communicate with it, and 
contain the ballaſt, in order that it might be able to keep 
upright, at the other end, a branch ſo much the longer; 


which will be eaſily underſtood. This ball ſhould not be | 
very thick, any more than the ſuperior branch on which A 


8 its diviſions ſhould be marked. The different thickneſſes 
of this branch, that is, its different external diameters, 
will produce the different ſenſibilities of the inſtrument. 


The leſs the diameter will be, the more will the Areome- 
ter 


8 f : : 1 * ? * 


— ng 


liers; du moins entre les matières que Phumidite n'affecte pas. Ce verre ſeroit 


toũjours le flint-glats, afin que ſes changemens? a cet ẽgard fuſſent plus 1 uniformes 
dans tous les Arcometres, 


le donnerois 3 a ſa boule un pouce et demi de diameétre: et elle auroit à ſon 1 
fond un petit cylindre creux qui communiqueroit avec elle, et renfermeroit le 


left; afin de pouvoir maintenir de bout, au c6te oppoſe, une branche d autant 
plus longue; ce qu'on ſentira aiſẽment. Je ferois cette boule peu epaiſle, ainſi 


* le tube ſuperieur, ou la branche ſur laquelle les diviſions devroient etre mar- þ| 


_quees. Les differentes ẽpaiſſeurs de cette branche, c *t 3 dire ſes differens dia- 
metres exterieurs, feront les diflerentes ſenfibilites de Pinſtrument: plus ſon dia- 
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ter fink by an equal augmentation of the ſpirituoſity of. 
the liquor. 
Unleſs the branch be perfectly cylindrical, the mea-- 
ſure would be irregular. It may be a thin braſs tube fil- 
vered over, or a ſilver tube, cemented to:the ball of glaſs; : 
such metal tubes are eaſily drawn through holes as 
wires; ſo that one might be ſure to have them cylindri- 
cal. The dilatation of that tube by heat, beſides that it 
is too inconſiderable to be taken notice of, would com- 
bine itſelf with that of the * of which. J ſhall ſ peak. 
hereafter. 
: would ballaſt the inflrument with quickſilver, i in or- 
er to have it always ſtand upright i in the ſame manner; 
md of this I would put in ſuch a quantity that the moſt 
ſpirituous liquor, being heated as. much as it can be in 
the: 


WF metre em petit, plus 2 Arẽomẽtre s enſoncera pour une meme augmentation de 
ppirituoſitẽ de la liqueur. : 

Cette branche devroit etre parfaitement colin; ſans quoi elle intro- 
duiroit de Virregularite dans la meſure. On pourra la faire dune tube de cuivre 
argents. ou d'argent, fort mince, cimentẽ avec la boule. On fait fort bien ces 
petits tuyaux de metal à la filiere; ainſi on ſeroit ſür de les avoir eylindriques; et 
quant à Veffet. qu'y. produirait la chaleur, il peut. ẽtre compte pour rien. D'ail- 


| q leurs il ſe combinera. avec. celui que produira cette cauſe ſur la liqueur, et dont je 


parleraĩ ci · apres. 

Je leſterois Pinſtrument avec du mercure, pour qu il ſe. tint toũjours de bout 
de la meme maniere; et je I'y mettrois en telle quantite, ue la liqueur la plus 
ſpiritueuſe, echauffee autant qu'elle Pourra etre dans les experiences, Jaiffat en- 
fencer 
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the experiments, may let the Areometer fok nearly to 
the top of its branch. This branch ſhould at the ſame 
time be long enough that the leſs ſpirituous liquors, 
wine for inſtance, reduced to congelation may let a ſmall 
| part of it be immerſed. 
The inſtrument being thus prepared I would take 
ſome weak ſpirit of wine dilated with one part of | 


water on ſix parts of ſpirits of wine which fires gun- I 7 


powder or linen which 18 ſteeped in. 1 would then 
determine the ſpecific gravity of this ſpirit of wine at 
the temperature of 10® upon my T hermometer, or 8 : 
of FAHRENHEIT'S, by means of a very nice hydroſtatical 
5 balance. This liquor, undetermined at firſt, and which! 
ſhould call only weak ſpirit of W ine, on account of the in- 


termination of the ſpirit which burns linen, will be de- 


termined as ſoon as a firſt Arcometer ſhall have been 
conſtructed 


—— — — — — — | | — | 1 
| | — — — 


foncer l' Arẽomꝭtre juſques pres du haut de fa branche; qui devroit etre en meme 
tems aſſez longue, pour que la liqueur la moins ſpiritueuſe, le vin par exemple, 
reduit a a la congelation, en laiſsat encore enfoncer une petite partie, 


L'inſtrument ainſi prepare, je prendrois un eſprit de vin foible, compoſe d'1 Bl 


partie deau ſur 6 parties d eſprit de vin qui brule la poudre, on qui enflamme le 
linge dont il eſt mouille. Je determinerois la peſanteur ſpecifique de cet eſprit 
de vin, tandis qu'il ſeroĩt à la temperature 10 de mon Thermomètre, ou 54; 
de celui de FAHRENHEIT, en employant pour cette determination une balance 
hydroſtatique fort delicate. Cette liqueur, d'abord indẽtermince, et que jap- 
pellerai ſeulement eſprit de vin foible, a cauſe de Pindetermination de Peſprit de 


vin qui brule le linge, ſera determinee des qu'on aura fait un Premier Arcometre 
par 
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conſtructed on this plan. It will be then a ſpirit of wine, 


which, in the aforeſaid temperature, being eſſayed by 
the hydroſtatic balance, will weigh ſo _ a cube 

foot : and every inſtrument-maker, who ſhall undertake 
to conftruct ſuch Areometers, will be 8 d to coi ir. 1 
compoſing this fixed liquor by the help of thc iv; 


ſtatic balance, in order to conſtruct his ſtandard. And 


indeed all I have farther to ſay upon the conſtruction 
of the ſcale of this inſtrument, relates merely to a ſtan- 
dard, to which the Areometers in uſe may be compared 
in order to form a ſcale. — ö 


For this purpoſe they may be dipped ſucceſſively i in 
two liquids of very different f pecific gravities, and ſuch that | 
the ſtandard may indicate thoſe ſpecific weights by whole 
numbers of degrees, the difference of which may admit 
of a diviſion into quot parts: it will be very eaſy 8 
. 


par cette ds: ce fern de Peſprit de vin, qui, Etant a la tempꝭrature ſul⸗ 
dite, et Eprouve à la balance hydroſtatique, peſera tant par pied cube. DCs lors 
tout faĩſeur d'inſtrumens qui voudra conſtruire originalement des Arẽomètres, 


devra premicreinent compoſer cette liqueur, par Pepreuve de la balance hydro- 
2 pour conſtruire ſon ẽtalon. Car tout ce qui ſuit ne regardera plus en 


effet qu'un Etalon, auquel les Areometres d'uſage ſeront fimplement compares | 


pour former leur echelle. 

A cet effet on les mettra ſucceſſivement enſemble dans deux liqueurs de peſan- 
teur ſpẽciſique fort diffẽrentes, et telles que Vetalon indique ces peſanteurs ſpect- 
fiques par des nombres entiers de degrẽs, dont la difference ſoit ſuſceptible d etre 


diviſce en parties aliquotes. Il ſera fort aiſe de compoſer ces deux liqueurs par 
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1 Mr. DE Luc on 
modify thoſe two liquids by mixtures. And when the 
two points at which the intended Areometer ſtands in 


the two liquors, ſhall be marked upon it, the interval 


between them may be divided into the number of degrees 
indicated by the ſtandard. Here the two points of com- 
pariſon cannot be too diſtant from each other, at leaſt if 
the tubes of the two compared Areometers are cylindri- 
cal; for then their intermediate immerſions will always 
be proportionate t to the obſerved immerſions. 1 Point out 
| this, in order to give an example of the inſtances in 


5 which the conſiderations, that are the object of this part, 


do not take place. It is the ſame as that i in which Ther- 
mometers made of the bf ame e liquid are divided by com- 
pariſon. 


I return to the ſtandard — 1 would dip 


It into this known fpirit of wine, whilſt it is =: : 
” the 1 


. = . . : & a —_—_— - ; bs. . £& bes, , X . * 3 . * 24 8 5 LA * -- 5 ———— , 


In melanges: : et quand on aura  marqus ſur VArcometre 3 A eas * deux KB 
points ou il ſe ſera tenu dans les deux liqueurs, on en diviſera Vintervalle dans le 4 
meme nombre de degres indique par l'ẽtalon. lei les deux points de comparaiſon il 


ne ſauroient etre trop diſtans l'un de l'autre; fi du moins les tubes des deux Areo- 


metres compares ſont cylindriques: car alors leurs enfoncemens intermediares 


feront toũjours proportionnels aux enfoncemens obſervẽs. je le fais remarquer 
pour donner un exemple des cas ou les conſiderations qui font l'objet de cette 


partie n'ont pas lieu. C'eſt le meme que celui-on Fon diviſe par comparaiſon 
des Thermometres faits d'un meme liquide. 


Je reviens a PAreometre etalon, Je le plongerois dans cet eſprit de vin connu, 1 


tandis qu'il ſeroit à la temperature fixce; et je marquerois avec un fil ſur ſa 
branche, 
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the fixed temperature, and would mark upon its branch, 
with a thread, the point to which it ſinks: afterwards I 
would mix three parts of water with ſeven parts of 
this ſame ſpirit of wine, ta make a ſort of brandy ſtronger 
than the common; it would be the 7hree-ffths of Lan- 
guedoc, which conſiſts of two parts water and three 
parts ſpirit of wine that fires gun-powder. I would again 
dip the Areometer into it, at the ſame temperature, and 
would likewiſe mark this new point with a thread. 

oOne may ſee that, according to the principle I have 
above eſtabliſhed, I take points of compariſon which are 
within the limits of the greateſt and ſmalleſt ſpirituoſity 
of the liquors to be tried, in order to obtain a ſcale of 
equal parts, free from any ſenſible error: and i in this caſe 
that precaution is very neceſſary; ; for the degrees of ſpi- 
rituoſity 


— — 
K 1602S a 0 | => —— - Ds A 1 = — . 
* —— a ar. — ay —> — - - — — — — - 2 6 Hh _ * — 3 * — 3 -- >. _— = ny 2 — - — —. - _ 130 = a * = 
—— — — : —_— — — * I ". . * — as > -- — — - + * ws 4 4 5 4. - — C — 5 — — - — EY = — __— 8 = _- —_— 8 — 5 == p 
GN = OR — x <7 == — mo — — — F a an 2 - os: ahe® 2 
- = — a * 4 » — — DS es og _ - 2 —— — — — * 75 — — x 83 N - . 2 9 4 e * wem 
— — 2 — — — — 1234 * * 5 => — — - _ — — — "A - ir © _ | _ = 2 a. — — . — 2 
* — 8 =_ * * 8 C— IC 2 - — _——— — r — — 3 - = — — — — 2 — — = a 
— 1 8 ” —— — —— 8 a — — Im x" * 5 — = Is " * — >» — — * — Le ME — — — — — — — 8. = \ = — r BAY — - ww" wu — — 
F „ — JJ —J—ꝝꝝ ˙ùÄ—?U—T—. Cs e Foy 5 — 
— - ——- 2 - — — — > 


— — SS} _@=K@—— 


—_ „ — * * * — ——— — 


* 5 „* 8 a e 44 IF l . - r * „a 8 © \ 3 N TEES $8. 43"4 [apr 8 WR 00 ; . ww kind, of 4 N —_ N 
- «er Rp) 3 *. > N * Pp * e 2 — 4 4 & . 5 N 5 3 8 Wy [4 8 2 Fa el Lo ca IF by . ny, FIERY Wi 8 SA n 3 
C 2 3 9 * a 5 ** We : % | a5 ee =" IE 15 r 3 5 n ee . 
— 4, 2 , ow EP þ ; - 1 0 * 5 4 "$45 £5 * 2 e a W220 1.7 
<> '. HEE * , * of * 2 mf PER WO a n 1 4 , in a5. =$ . n e "- Fo 
5, r gs i + BY 4 n , > 243; FFF . 1 n - rr % a 
8 8 7 a . — 1 Po 1 4 * * 4 Es 2 4 © _— 
n 2 I LD — 7 \ . "I, x 8 ER 2 DER OILY OT Os © 3 c 


branche, le point on il s' enfonceroit. Puis je mèlerois a 7 parties de cet eſprit 
de vin, 3 parties d'eau, pour en faire une eau de vie plus forte que l'eau de vie 
commune; ce ſeroit le trois quints de Languedoc, qui doit Ctre 2 parties d'eau 
ſur 3 parties d'eſprit de vin qui brule la poudre. Jy plongerois de nouveau 
P Arẽomètre dans la meme temperature, et je marquerois auffi ce nouveau point 
par un fil. 
On voit que ſuivant le principe que | Jal ctabli ei- devant, je prends des points 
de comparaiſon en dedans de la plus grande et de la moindre ſpirituoſité des 
liqueurs qu'on Eprouvera, pour obtenir une Echelle en parties egales, fans erreur 
ſenſible: et cela eſt bien neceſſaire ici; car les degres de ſpirĩtuoſitè ne ſuivent 


24 42 DE pas 


— 
G 2 X 
=T: =»... Y ; £ 
: : * * 
— — — - — 
- — — — —— a”. 
S — _ — 
= 4 qÞyuT RCTS - 


— . 
- 2 2 D = ©, 
— - wr = — — — — 
— — 
- = — — =P A 1 
* p 
— — 122 
2 — a. — 2 —— — 
— , ] V 
— o 8 * 
* — 
— > — 8 


516 M7. DE LUC on 

rituoſity do not follow thoſe of ſpecific gravity, as I | ſhall 

explain hereafter. 

The points thus indicated upon the branch, having 
determined principles, will be the fixed points of the 

Areometer. The interval between them ſhall be divided 

into 30 equal parts, each of which will repreſent eth of 


0 the total effect of the added water upon the ſpecific gra- 5 


vity of the liquor. The ſequel will ſhew, that it is 


: equally for the conveniency of trade, and of the work- 
man who ſhall divide the ſcale, that I have choſen this 


. number. 


1 ſuppoſe that the ſtandard will be conſtructed i in ſuch 
a manner, that the difference of the ſinkings ſhall be 
conſiderable enough for this purpoſe, which may be ob- = 


rained by making the branch thin enough. One may 
1 afterwards, if it be thought fit, for Areometers of com- 


mon 


pas ceux de peſanteur ſpẽcifique, comme je le dirai ci-apres. 1 


Les points indiques ainfi ſur la branche, ayant des principes determinẽs, ſeront 
les points fixes de PAreometre. On en diviſera Pintervalle en 30 parties, qui ſeront 
des 30e de Peffet total de Veau ajoutce, ſur la peſanteur ſpecifique de la liqueur. 


On verra dans la ſuite que c'eſt autant pour la commodite du commerce, que pour 
celle de Pouvrierqui diviſera Pechelle, que Pai choiſi ce nombre de parties. 

Je ſuppoſe que l'on conſtruira Vetalon de maniere que la difference d' enfonce- 
ment ſoit afſez grande pour cet effet; ce qu'on peut obtenir en faiſant la branche 


allez mince, On pourra enſuite f. Pon veut, pour les Arcometres d uſage peu 
2 delicat, 


| 
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mon uſe, and in which it is not neceſſary that the branch 
ſhould be ſo long, divide the fundamental interval into 
I 5 parts, which will then be double degrees. 

Having in this manner fixed points and determined 
degrees upon the Areometer, the next thing is to chuſe a 
convenient place for the o of its ſcale; and the beſt will 
be that by which all the effays of the liquors ſhall be ex- 
prefled with the ſame fi ign. To effect this, one may take 

one of the wines of which brandy is moſt commonly 
made, and, reducin g it to the temperature of water in ice, 
dip the Areometer i in it, obſerving how much higher it 
will ſtand than the inferior fixed point. This exceſs of | 
emerſion, compared with the fundamental ſcale, and re- 
J duced to the neareſt number of degrees which will be an 
| aliquot part of it, will be a proportional quantity fixed 
for ever, which will be added to the ſcale below the in- 
ferior 


ä — on LETT . oY , — * POWs . >. * 1 * 2 - . 2 . 


0 et ou Pon ne 3 pas la br anche f. longue, diviſer Ra fonda- 
mental en 15 parties, qui ſeront alors des doublos degres. 

Ayant ainſi des point fixes et des degres ditermin&s fur P Arẽometre, il faut 
choifir une place commode pour fon zero; et le mieux eſt de le placer de maniere 
que toutes les Epreuves des liqueurs puiſſent ere exprimees avec le meme ſigne. 
Pour cet effet on pourra prendre un des vins done on fait le plus communement 
Peau de vie, et le rẽduiſant à la temperature de Peau dans la glace, y plonger VAre- 
om:tre, obſervant de combien 11 s *enfoncera de moins gue le point fixe infericur, 
Ce ſurplus d' ëmerſion, compare à Vintervalle fondamental, et rceduit au nombre 
le plus prochain de degres qui fe trouvera une partie aliquote de cet intervalle, 


fra une quantite fixes pour toljours, qu'il faudra ajouter a Vechelle au deſſous 
du 
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ferior fixcd point, and determine the place of o. I ſup- 


pole, for inſtance, that this exceſs of emerſion ſhould be 
about 1 5*, or the half of the fundamental ſcale: I would 
then fix it at this number; and in. that caſe one ſhould 
conſtantly add half the fundamental diſtance below the 
inferior fixed point, and from theſe begin to count the 
degrees. I mean that the o would be at the bottom of 
the whole ſcale, the inferior fixed point would be at x 5, 
the ſuperior at 4 5 and the ſcale could be prolonged at 


the top as much as ſhould be neceſſary for the eflays of f 


the moſt ſpirituous liquors. It is after this manner that 


the o of FAHRENHEIT'Ss Thermometer is now deter- 
mined; and that being placed at 32 below the inferior 
fixed point, the greater part of the obſervations are e- 


prefſed upon it in poſitive degrees; ſo that it 18 only i in 
extraordinary caſes that they are affected with the minus 


du point fixe inferieur. Je ſuppoſe par exemple que ce ſurplus r 0 14 
trouvat de pres de 15, ou de la moitie de echelle fondamentalle ; je le fixerois 
à ce nombre; et ainſi Pajouterois totjours une moitis de Vinteryalle fondamental 


au deſſous du point fixe inftrieur, pour commencer de la a compter les degres 
de Vechelle. Ainfi le © ſeroit tout au bas, le point fixe inferieur ſeroit 
à 15 le point fixe ſupericur a 45?; et VFechelle feroit prolongee dans le 


haut autant qu'il ſeroit neceſſaire pour fournir à Vefſai des liqueurs les plus 
ſpiritueuſes. C'eſt ainſi que le zero du Thermometre de FAHRENHEIT eſt 
a preſent determine, et que ſe trouvant ainſi place à 32 au deſſous du point fixe 


 Inferieur, la majeure partie des obſervations y eſt exprimẽe en degres poſitifs; et 


qu'il faut des cas extraordinaires pour qu'elles | foyent accompagnees du ſigne 


moins. 
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ſign. It would be convenient to pay a regard to this in 
all inſtruments, when no other reaſons interfere. 

I come now to the correction for the differences of the 
heat. I would take a liquor of mean ſpirituoſity, as for 
inſtance a mixture of one part of water and ſeven parts of 


the ſpirits of wine determined by the hydroſtatic ba- 


lance: into this liquor, reduced to the temperature of 4.5? 
of FAHRENHEIT, I would plunge the Areemeter already 
graduated, and obſerve the point to which it ſinks. I 


would afterwards heat the liquor to 6 55 and again ob- 


ſerve the ſinking of the Areometer. One might likewiſe 


make uſe of the ſcale of my Thermometer, and obſerve 
the ſinkings at 5 and 1 5 of my — which would 


come ſenſibly to the ſame. 


=" 


mains, II n commedts q avoir 6gard 3 a cela dans tous les inftrumens, quand 


rien allieurs ne s oppoſe. 
Je viens 2 la correction pour les differences de la chaleur. Prenant une > liqueur 
de ſpirituofite moyenne, comme par exemple le mélange d' partie d'eau a 7 
parties de Peſprit de vin fixẽ par la balance hydroſtatique, je plongerois V Areo- 


metre, deja gradue, dans cette liqueur reduite a la temperature de 45 de FAH- 


RENHEIT, et jobſerverois le point od il Senfonceroit: Jechaufferois cnſuite la 
liqueur à 65*, et j'y obſerverois encore Penfoncement de V Arcometre. On pour- 
droit auſh, en employant Fechelle de mon Thermomètre, obſeryer les enfonce- 
mens à 5 et à 15 de mes degres, ce qui reviendroit ſenſiblement au mme. 
=: | Cette 
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This obſervation being made, one may conceive that 


it would be eaſy to form a table in which one might ex. 


preſs, in degrees of the Areometer, the effects of the 


differences of heat correſponding to each degree ©! one 


or other of the Thermometers, ſetting out from a 4 
point; ſince the effect correſpondent to each 1 5 


the Thermometer, will be looked upon as proportionate 


to that which ſhall have been found in the fundamental | 


obſervation. 


But I would prefer er method, which I have re- | 
commended j in my work, becauſe I have found it of | 
great uſe i in practice; that is, to make a particular ſcale E 
for the Thermometer intended for theſe experiments, by 
changin 8 the number of the degrees contained between 


(ﬆ) Vol. 1 p. 390. 


— x A A ” 
i — — —_— — 


— 


Cette obſervation faite, on comprend qu'il ſeroit aiſe de former une table, dans 


laquelle on exprimeroit, en degres de PAreometre, les effets des differences de 


chaleur, corre ſpondans a chaque degre de Pun ou de l'autre des Thermometres, 


2 partir d'un point fixe; car effet corre ſpondant a chaque degre du Therm- 
ometre, ſera regarde comme proportionnel a a celui qu'on aura trouvẽ dans Vob- 
ſervation fondamentale. 

Mals je prèfẽrerois une autre methode, que ; al debe dans mon 
ouvrage (g), parce que je Pai trouvee d'une tres grande commodite dans la pra- 
tique; Ceſt de faire une echelle particulière pour le Thermometre deftine a ces 
Epreuves; en changeant le nombre des degres renfermes entre ſes points fixes, 


g/ Tom. I. p. 390. 
˖ pour 


the 
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che fixed points, in order to eſtabliſh an eaſy propor- 
tion between them, and the degrees of the Areometer, 
and that thus one might make the correction without 

tables. It would be eaſy, for inſtance, to make the degrees 
of the Thermometer anſwer. to quarters of degrees of 
the Areometer; for in that caſe, reckoning them from 
2 fixed point, one would only have to correct the ob- 
i ſervations made upon the Areometer, by a quarter of the 
number of degrees indicated upon the Thermometer, 
which ſeems to me very convenient: and as it is always 
eaſier to add than to ſubtract, 1 would place the o of this 
Thermometer at the point of the greateſt ordinary heat 
of the air, or about 24 of my Thermometer, and 862 of 
FAHRENHEIT'S: for then, reckoning the degrees of the 
| Thermometer downwards, one ſhould only add them to 
1 the indication of the Arcometer ; ſince the cooling of the 


liquor : 


— 


— Wnt conn 


pour qu'ils euſſent un rapport ſimple avec ceux de PAreometre, et qu'on put 
ainſi ſe paſſer de tables. 11 ſeroit fort aiſẽ, par exemple, que les degres du Ther- 
mometre correſpondiſſent à des quarts de degres de I Arẽomètre; et alors, les 
comptant depuis un point fixe, on n'auroit qu'à corriger l obſervation faite ſur 
PArcometre, par le quart du nombre des degres qu rn le Thermomètre; 
ce qui me pacoitroit fort commode. Et comme il eſt toũjours plus aiſle d addi- 
tionner que de ſouſtraire, je placerois le zero de ce Thermoinètre au point de la 
plus grande chaleur ordinaire de Fair, c'eſt a dire aux environs de 24 de mon 
Thermometre, ou 86* de FAHRENHEIT; car alors, comptant les degres du 
Fhermomeètre en deſcendaat, il faudroit les ajouter à Vindication de l' Arcome- 
Vor. LXVIII. * Rr tee a 
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liquor from this fixed point of temperature would leſſen 
the effect of the ſpirituoſity in the immediate indication 
of the Areometer, comparatively with what it ſhould be 
found at this determined point. 

J have here alſo taken, for the compariſon of the indi- 
cation of the Thermometer with the denſity of the ſame 
liquor differently warmed, terms which are within the 

extremes of the common obſervations, becauſe here ſeve- 
ral cauſes are combined in the ſame effect. 1. The pro- 
greſſion of the dilatations of ſpirituous liquids compara- 
tively to quickſilver. 2. The different progreffions of the 
liquids of different degrees of ſpirituoſity. 3. The change 
of bulk of the inſtrument itſelf in liquors of different 
temperatures. It became then necefſary to avoid taking 
the fundamental terms of compariſon very wide of each | 

other, 


— 


— * 
82 CS 


trez puiſque le refroidiflement depuis ce point fixe de temperature, diminueroit 
Met de la ſpirituoſitẽ fur Pindication immediate de PAreometre, comparative- 
ment a ce qu'on la trouveroit A ce point determine. 


Pat pris encore ict pour la comparaifon de Pindication du Thermomẽtre avec 


Ja denfite Pune meme liqueur differemment chaude, des termes qui fe trouvent 
en dedans des extremes des obſervations ordinaires; parce qwici pluficurs cauſes 
fe combinent dans un meme effet, ſavoir, 19. La marche des dilatations des liqueurs 
ſpirituguſes comparativement au mercure. 25. Ladifference de marche des liqueurs 
de diſſi rent degre de fpirituofite. 3*. Les changemens de volume de inſtrument 
| Jui meme dans les liqueurs differemment chaudes. II falloit donc éviter de 


prendre les termes fondamentaux de comparaiſon à une grande diſtance, de peur 
oo 2 


1 
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other, leſt the error ariſing from conſidering the immer- 
ſons of the Areometer, occaſioned by the chan ges of 
temperature of the liquor, as being exactly proportionate . 
to the indications of the T hermometer, ſhould thereby 
be rendered ſenſible. 
Every part of the Inſtrument being thus determined, 
it will be eaſy to conſtruct it every where in an uniform 
manner. Experiments will then be made, and the degree 
of ſpirituoſity which liquors in trade, under certain de- 
nominations, ought to have, will be fixed: ſpirit * 
wine, for inſtance, brandy named tbree Hils in Lan- 
guedoc, that which is called proof of Holland, or any 
other. Theſe points being known, as the ſtandard of 
the precious metals fixed by the different States that coin 
money, there will then be eſtabliſhed a proportionate 
value of the degrees * piritua ity, which ſhould be 
found 
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de rendre ſenſible Perreur qui reſultera toũjours de confiderer les enfoncemens de 

3 PArcometre proverans des variations de la chaleur de la liqueur, comme 
ca gement proportionnels aux indications du Thermometre. 

Toutes les parties de l'Inſtrument étant ainſi determinees, il ſera aiſc de le con» 
ftruire partout d'une manière uniforme. On fera alors des experiences, et Von 
fixera a certains points de P Areometre, le degre de ſpirituoſitẽ que devront avoir 
les liqueurs attendues dans le commetce ſous certaines denominations; Pe/prit de 
vin, par exemple, l'eau de vie nommee trois quints en Languedoc, celle qu'on 
nomme 4 /epreuve de Hollande, ou telle autre: et ces points étant connus, 
comme on connoit les titres des mẽtaux precieux fixes par les divers Etats qui 
battent monoye, il s'etablira auſſi une valeui proportionnelle des degres de ſpiritu- 
Rr r 2 9/ute 
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found more or leſs than the expected degree, as there is 

a price for the kara? of gold or denier of filver, by which 
the ſeller and buyer might always be able to do them- 
felves juſtice. For inſtance, every degree leſs than the 
point fixed for the common Spirit of wine would be - 75 
to be made good by the vender, that is about 1+ per cent. 
inthe language of trade, and 1 per cent. only on brandy 
named three-fiths. „ 

When this Areometer ſhould have come into o general 

: viſe, the Police of the places 1 in which the trade of ſpiri- 
tuous liquors i is carried on, might take cognizance of it, 
and keep the public ſtandard of the Areometer, as they 
keep the ſtandards of weights and meaſures. The inſpec- 
tors of that trade would thus have fixed modes of effay- 


in 2, and the public al all the neceflary ur. 


There 


- * — 
3 r . 2 Ou Or een en 
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vit de plus ou de moins que le degre attendu; comme il y a un prix pour le 
#arat de Por et le denier de Pargent: par ou le vendeur et l'acheteur pourront 
toũjours ſe faire juſtice, Par exemple, chaque degre de moins que le point fixe 
pour Peſprit de vin ordinaire, ſeroit 3 2 a bonifier par le vendeur, ou environ 11 
Pour cent en terme de commerce; et 1 pour cent ſeulement ſur l'eau de vie trons 
= guns. = 
Quand cet Arẽomètre ſervit rm d'un uſage un peu general, la Police des 
lieux ou fe fait le commerce des liqueurs ſpiritueuſes, pourroit en prendre con- 
-noiffance, et conſerver l'etalon public de PAreometre, comme elle tient en depot 
ceux des meſures et des poids. Les inſpecteurs prẽpoſẽs auroient ainſi des 
© epreuves fixes, et le Public toute la certitude neceſſaire ſur cet objet. 


n 
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There would be little advantage, with reſpect to exact- 
neſs, in making of ſpirit of wine the Thermometer in 
tended for theſe eſſays; though its variation would be 
more exactly conformable to the effects of heat upon li- 
quors of the ſame ſpecies: for it has been ſeen how far, 
by the method I propoſed, the differences vaniſh; and, 
en the contrary, there would be a loſs on two accounts 4 
me one, that this Thermometer would be much leſs ſen- 
ſible than the quickſilver one; the other, that it is much 
more difficult to conſtruct it, when one wants to make it 
upon fixed principles, and this the rather as good 
workmen have loſt the habit of making them. N 
One ſees, moreover, that the ſame Areometer may 2 m- 
zatis mutandis) be uſed to meaſure the ſaltneſs of water. 
Upon which I ſhall only obſerve, that the manner indi- 
cated of fixing the correction for the heat, would be {till 


mor - 


— — — 


| | h — = | 3 1 | | 8 


— 


n y auroit peu a gagner pour FexaAtitade, a faire Veſprit FEW vin bs © This 
metre deftine à ces ẽpreuves, quoique {a marche fit dans le fond plus conforme 
aux effets de la chaleur ſur des liqueurs de meme eſpꝭce; car on a vu à quel 2 
la mẽthode que je propoſe a fait diſparoitre les differences: et il y auroit a 
perdre au contraire à deux egards, l'un que ce Thermometre ſeroit bien moins 
 fealible que celui de mercure, l'autre qu mM eſt bien plus difficile à conſtruire, 
lorſqu'on veut le faire fur des principes certains; d' autant plus que les bons 
couvriers ont peidu! Phabitude d'en faire, 
On voit au reſte que le meme inſtrument peut etre employs a meſurer 
la falure de Peau, mutatis mutendis. Sur quoi je ferat remarquer ſeule- 
ment, que la maaicre indiquez de fixer la correction pour la chaleur y ſeroit 
autant plus nẽceſſaire, qu'il y a plus de difference dane la marche des effets de la 


chaleur, 
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more neceſſary in that caſe, as chere is a il greater dif- 
fereuee in the progreſſions of the effects of heat, between 
waters differently ſalted, than there is between liquors 
that Have à different degree of ſpirituoſity; as may be 
feen by the experiments upon this ſubject which I have 
explained in my work (. 
Whatever approximation the method which 1 have 5 
applied to the conſtruction of the Areometer may give | 
towards indicating, by equally diſtant degrees upon the | 
inſtrument, equal differences of f. pirituoſity or ſaltneſs 
of the liquids into which it is dipped; it will ſtill be true 
nat it will only ſhew equal differences in the — 


7 h) Vol. I. p. 271 one may alſo ſee, in the deſcription of * 3, the me- 

thod of applying this inſtrument to meafure in general the ſpecific yorny of 

all liquids | in Which it can enk. : 
. gravity . 


chaleur, entre les eaux diſſeremment ſalces, quꝰ entre les Rs difteremment 
ſpiritueuſes; comme on peut le voir par les experiences que Jai rapportfer à ce 

ſujet dans mon ouvrage (Y). 

Quelque approximation que fourniſſe la methode que jai appliquee à la con- 
ſtruction de VAreometre, pour indiqueur, par des cegres également diſtans ſur 
Vinftrument, des differences égales entr'elles de ſpirituofics ou de ſalure des 
liquides dans leſquels on le plongera; il ſera toſjours vrai ſans doute, qu'il ne 


montrera exactement que des differences egales dans la peſanteur ſpecifique de ces 
{b) Tom. I. p. 271,—Voyez auſſi dans la deſcription de la fig. 3. le moyen d' employer cet inſtrument 
pour meſurer en general la peſanteur ſpecifique des liquides où il peut s' enſoncer. 


liquides, 


gravity of the liquids, to which the equal differences af 
ſaltneſs or ſpirituoſity will not exactly anſwer. 


But the inſtrument being conſtructed upon fixed prin- 
ciples, one might afterwards ſeek for the true laws which 


the different intenſities of theſe cauſes follow, when the 


changes i in the ſpecific gravity are equal between them; 


as I have already done (from an idea of Mr. LE SAGE 's) 
for the real differences of heat vera to degrees 


equally diſtant upon the Thermometer“; a determina- | 
tion which would be uſeful in the diner caſes i in 
which the approximaticn given by the inftrument would 


not be ſufficient. 
1 have not yet executed this inflrument; nor indeed 1s 


it neceſſary that I ſhould undertake to do it, in a country 


(i) Vol. [. p- 285. 


, TT - 3 


y 2 


liquides, auxquelles ne correſpondront pas auffi exaRtement des differences Egales 


de ſalure ou de ſpirituoſitẽ. 
Mais Vinftrument «tant conftruit ſur des prineipes fixes, on pourroit enſuite 
chercher les vraies loix que ſuĩ vent les diſſẽrences d intenſitẽ de ces cauſes aux- 


quelles correſpondent des changemens egaux entreux dans la peſanteur ſpeci- 
fique; comme je lai fait (Capris une idèe de M. LE $AGE) pour les differences 


reelles de chaleur qui produiſent des degres également diſtans ſur le Thermo- 
wetre (i); fixation qui ſerviroit dans quelques cas particuliers, ou Fapproxima- 
tion fournie par l'inſtrument ne ſcroit pas ſuffiſante. 


Je n'ai pas encore pu exécuter cet Areometre; et il eſt peu neeeffaire meme 


que je Pentreprenne, dans un pays ou tant d'artiſtes font en etat de ine com- 


70 Tom. 4 P- 285. 8 8 
pre 
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prendre, en lui communiquant quelques idees de detail dans Pexecution, qui 


vo Mr. pr ve on 
where ſo many artiſts will underſtand me by this deſcrip. 
tion, and may even ſupply what I have omitted. And 
ſhould any one be deſirous of undertaking it, I would 
willingly affift him by communicating to him ſome 
ideas for the execution, which would have made this 
Paper t too long, 


Concluſion with reſpect to phyſical — in gene eral. 


Though the Areometer is uſeful | in itſelf, the chief i 
. reaſon of my dwelling upon it was to give an example | 
of the general rule I have before eſtabliſhed, i 
” Here are in this caſe only three phyſical effects, the 
degrees of which are not proportionate to their apparent 3 
| cauſes, and which are united under the appearance of one J 
. *. 


> — Ann — HNS A DIS AD ns — | aa 


prendre ſur cette deſcription, et de ſuppleer meme à ce que je pourrois avoir 
 ommis: et je me ferois d'ailleurs un plaiſir d aĩder le premier qui voudra Ventre- - 


auroient trop allon ge CE mëmoire. 


Concluſion for les Miſurer b iques en geniral.. 


Quoique PAreometre ait de Putilite par lui meme, je me ſuis principalement 
arrèté à expliquer ſes principes, pour donner un exemple de la regle generale 
que j'ai ẽtablie. 

Voila, dans un ſeul cas, trois effets phyſiques dont les degres ne ſont pas pro- 


e à ceux de leurs cauſes, rẽunis meme ſous Vapparence d'un ſeul, 
2 ſavoit 
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fingle effect, namely, the different ſinking f the Arcome- 
ter. In the firſt place, it will not always fink in liquors of” 
different denſities in general, proportionally to theſc den- 
E fities, on account of the changes of its own bulk by heat, 

and the poſſible irregularity of its branch. Secondly, it 
will not ſink in proportion to the changes of temperature 
of the liquor, becauſe the changes of denſity of the latter 
will not follow the ſame law as the changes of temperature, 
I have already mentioned theſe two cauſes of error; but 
here is a third. The Areometer will not fink exactly in 
the inverſe ratio of the quantities of flegm; becauſe the 
ſpecific gravity of the liquor does not follow the propor- 
tion of theſe quantities. It has an increaſing progreſ- 
ſion; and here the immediate cauſe of this diſpropor- 
tion, which is evident, may give us an idea of what takes. 
place 


ſavoir Penfoncement different de r Arẽomètre. D'abord il ne S$enfoncera pas 
tijours dans les liqueurs de differentes denfites en general, proportionnellement à 
ces denfites; à cauſe de ſes propres changemens de volume par la chaleur, et de 
Firregularite poſhble de fon tube. Enſuite il ne s' enfoncera pas proportionnelle- 5 
ment aux changemens de temperature de la liqueur; parce que les changemens 
de denſite de celle-ci ne ſuivront pas la:meme loi que les changemens de tempẽ- 
rature. J'ai deja indiquẽ ces deux cauſes d'erreur; mais en voici une troifieme, 
LU Artomtre ne s' enfoncera pas exactement en raiſon inverſe des quantites de 
flegme; parce que la peſanteur ſpecifique de la liqueur ne ſuit pas le rapport de 
ces quantitẽs; elle a une marche croiflante, Et ici, la cauſe prochaine de cette 
Uſproportion, qui eſt ẽvidente, peut nous donner une ide de ce qui le paſſe 
Vor, LXVIII. -S-$F£ dans 
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place in Nature, and hinders phyſical effects from ap- 
pearing proportional to their cauſes, in our obſervations. I +1 


5 The ſpirit and the flegm penetrate each other; that is I th 
to ſay, the bulk of the mixture is a little leſs than the p! 
ſums of the two bulks before the mixture; and ſo the I di 
ſpecific gravity , Which is the weight or the quantity of 
matter under a certain bulk, increaſes a little in the Ml 1 
mixture, comparatively with the mean ſpecific gravity of WM fc 
the component parts. This penetration ſeems to me to 21 
give us ſome idea of the hidden cauſes in bodies, which E fl 
modify, unknown to us, the effects of the apparent = 
. and prevent the obſerved effects being Propor- 0 
tional to theſe. 1 9 
e muſt therefore, i in order to have equal degrees i in 
the Areometer, without ſenſible error upon the { piritu- 19 
| - | 
"Adi la Nature, et qui emplche les effets phySque Pere proportionnels 3 I leurs : 
cauſes dans nos obſervations, 
Leſprit et le flegme ſe penctrent; Ceſt à dire que le volume du melange eſt Wl » 
un peu moindre que la ſomme des deux volumes avant le melange: ainſi la pe- = = 
ſanteur ſpecifique, qui eft le poids ou la quantite de matiere, ſous un certain ll 
volume, augmente un peu dans le melange, comparativement à la peſanteur ſpe- 0 
cifique moyenne des compoſans. Cette penetration reprẽſente aſſeʒ bien ce me Wl « 
ſemble les cauſes cachees dans les corps, qui modifient a notre inſu les effets des 1 


cauſes apparentes, et empechent que les effets obſerves ne leur ſoyent propor- 
tionnels. 
Il faut donc, pour avoir des — egaux dans PAreometre ſans erreur ſenſible 


ſur la ne qu'il doit meſurer, fixer ces degres par la comparaiſon d'effets 
obſerves 
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olity that it is intended to meaſure, fix theſe degrees by \ ] | 
the compariſon of effects obſerved within the limits of if 
the common obſervations : and this is the ſecureſt way in ö * 
practice; for how could one make a ſcale follow all theſe F i 
different laws? | Fi 
This is what I propoſed to apply to phyſical effects of i 
all kinds which have unequal degrees, by equal dif- hs 
ferences in the intenſity of their cauſes, or by equal de- 16 ; 

| grees of ſome co- effect more eaſily obſerved, and which . | f | 

ſhould be made uſe of to determine the other. Ws. þ 

In order to make the advantage of this method more a ; 
3 1 will now apply it to the co- effects the moſt 1 
Ciffer ent which exiſt perhaps in Nature, I mean the aug N af 
mentations of the bulks of quickſilver and water by the his 

F ſame augmentations of heat, 5 ut 
I will Fi 
— ——ũ—ͤ—) ä — —õͤ ö. — — 1 
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obſerves en dedans des limites des obſervations ordinaires; et c'eſt le chemin le 
plus ſir dans la pratique; car comment * on faire ſuivre à une echelle 
toutes ces differentes loix. 

Voila ce que je me propoſois 3 aux 4 88 de tout genre, 
qui ont des degres inẽgaux, par des differences ẽgales d'intenſitẽ de leurs cauſes, 
ou par des degrẽs ẽgaux de quelque co- effet, * us aiſe a obſerver, et qui deyroit 

ſervir a determiner les autres. | 

Pour rendre Putilite de cette mẽthode plus frappante, je vais Pappliquer aux 
co-effets les plus diſparates peut-etre qu'il y ait dans la Nature; je veux dire les 

augmentations de volume du mercure et de l'eau, par les memes augmentations 
de la chaleur. 
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I will only put the ſame caſes. I have explained before 


for ſpirituous liquors: the firſt, in which the actual trial 
has been made at 80 of the Thermometer, the ſecond, 


in which it is ſuppoſed to be made at 20% both com- 


pared with o; and the third, in which the trial is made 


at 5* and 155. The deviations of the three caſes between 


the temperatures of o and 20 (reputed to be the limits 


of the common. obſervations) are as follow: . 


Iſt caſe. 


— | 


le poſerai ſimplement les mimes cas que Jai expliquẽs ci-devant pour les 


liqueurs ſpiritueuſes; le premier où Vepreuve actuelle a ẽtẽ faite à 80? du Ther- 
mometre; le ſecond on elle eft cenſee faite à 20; Vun et l'autre comparative 
ment à ©: et le troĩſième on cette Epreuve eſt faite a 5 et 2 15% Les ccarts des 
trois cas, 3 entre les temperatures de o et 205, cenſees etre les limites des 


obſervations ordinaires, ſont comme fair, 


Ie CAS» 
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2d caſe. 3 3d caſe. 


Iſt caſe. 
Therm. Dil. of water. Therm. Dil. of water. Therm. Dil. of wat. 
80 80 — 


9:0 & @ 0 6 60 


$0 - 443 „„ 20 27,5 
15 1, 15 75 „ 1 
10 52 - 10 1 10 8 
CT 
ö . C 


In the change of the expreſſion of the dilatations ot 
the water in the third caſe, as as in the correÞpondin g caſe for 
the ſpirituous liquors above mentioned, it was neceſſary 4 
to confider as © or x the bulk of the 1 matter correſponding 
with T upon the quickfilver Thermometer, ſince it is 


* „ N 
Therm. Dilat. de Veau. Therm. Dilat. de Peau. Therm. Dilat. de Peau. 
222 ov». | | | | 3 
20 hos -<---- .20 __—- 20 275 
15 = 3 © 2 E = 
10 0, 2 10 3 10 8 


Dans le changement de Vexpreflion des dilatations de Peau au 3 cas, comme 
dans le cas correſpondant ci-devant pour les liqueurs ſpiritueuſes, il a fallu 
Pabord confiderer comme ⁊cro ou z le volume de Peau correſpondant a 5 fur le : 

— 3 
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with this point that its bulk at the temperature I 5 18 
compared. Making afterwards equal to 15 5=IO the 
number of the equal parts which meaſure the augmen- 
tation of the bulk of water, inſtead of 1,6+0,4=2, which | 
was the number in the firſt caſe taken from the experi- 
ment, I have changed all theſe terms in the Proportion 
of 2 to 1 o which has preſerved. the ſame proportions 
between them. After this the expreſſion of the 
Thermometer continuing the ſame, that 1 is, its o or x re- 
maining 5 lower than the inferior points of the actual 0 
compariſon, in order to have, without calculation, the 
deviations within and without thoſe points of compari- 
ſon, it was neceſſary to add 5 to all the firſt numbers 
which expreſs the real dilatations of the water. 1 might 
have ſubtracted 5 from each indication of the Thermo- : 
meter, which would have come to the ſame. It will be 


8 ceeaſily 


— — 


, io 2 n 1 „* q A _ __—— * in. 


Thermometre de mercure; puiſque Ceft avec ce point que ſon volume à la 
_ temperature 15 eft compare. Faiſant enſuite egal a 15 5 Io le nombre des 
parties egales qui meſure Paugmentation de volume de Peau, au lieu de 1,6 + 0,4 
D qu ẽtoiĩt ce nombre dans le premier cas tire de Vexperience, J ai change tous 

les termes dans le rapport de 2 à 10; ce qui a conſerve les memes proportions 

ent eux. Après quoi, Fexpreffion du Thermometre reſtant la meme, c'eſt a 

dire ſon z#ro ou z reſtant de 5 plus bas que le point inferieur de comparaiſon 
actuelle; pour avoir ſans calcul les deviations au dedans et au dehors de ces points 

de comparaiſon, il a fallu ajouter 5 a tous les nombres qui expriment les dilata- 
tions reelles de Peau. Paurois pu retrancher 5 à chaque indication du Thermo- 
metre, ce qui ſcroit revenu au meme. On verra aiſement j Je crois que C *eſt la la 


route 
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eaſily ſeen, I believe, that this was the road to follow i in 
order to tranſpoſe, in the third caſe, thoſe proportions 
found-by experiment, which immediately conſtitute the 
ſecond. I proceeded in the ſame manner in the exam 
ple drawn from the two ſpirituous liquors, As totheſecond 
caſe, as well for theſe liquors as for the water, it is evi- 
dent, that the change of the ſcale which meaſures their 
dilatations, occaſions no chan ge in the proportions of the 
terms found by experiment. = 
1 repeat it, I do not believe one has ever obſerved, | 
in any caſe, two co- effects of the ſame cauſe which fol- 
low more diſproportioned progreſſions, than theſe dilata-- 
tions of quickſilver and water by the ſame augmenta- 
tions of heat: and yet one ſees, that by this method (L 
mean by obſerving the real proportions of the co- effects 
within the ordinary limits of the intenſities of the cauſes): 


one. 


8 — ä 


5 
— 
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route qu'il falloit ſuivre, pour tranſporter dans le Zu cas, ces rapports trouvẽs 
par Vexperience qui forment immediatement le premier. Pai procede de la 
meme manière dans exemple tire des deux liqueurs ſpiritueuſes. Quant au 
ſecond cas, tant pour ces liqueurs que pour l'eau, il eſt evident que le changement 
de Pechelle qui meſure leurs dilatations, n'en apporte aucun dans le rapport des 
termes trouves par l' experience. 

Il ne me ſemble pas, je le repete, qu'o on ait obſervẽ en aucun cas, deux co- 
effets Pune meme cauſe qui ſuivent des marches plus diſproportionees que ces 
dilatations du mercure et de l'eau par les memes augmentations de la chaleur; et 
cependant on voit que par cette mEthode (je veux dire en prenant par obſervation. 
des rapports des co-effets au dedans des limites ordinaires des intenſitẽs des cauſes) 

on 
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one leſſens much the errors in the other terms, which 


will reſult from ſuppoſing them to be proportionate to the 
obſerved proportions; and that one procures a ſenſible 
exactneſs near the points of actual trial, which are at the 
ſame time near the greateſt number of the caſes of prac- 
tice for which one wiſhes to find meaſures. 

And if one conſiders co-effects in general, ſetting aſide 
this extreme diſparity, one will perhaps ſeldom meet 
with any, which follow laws more different than the cor- 


reſponding dilatations of quickſilver and brandy: even 


very frequently they will not deviate more than thoſe of 


_ brandy and ſpirits of wine; and in that caſe it has been 


. ſeen, that this method reduces ſo much the deviations by 
throwing them out of the limits of the ordinary caſes, 
that it may be uſed without ſenſible error, when thoſe 


co effects 


2 . © ** — a ad. _ 3 n h re F r ...r 88 es 5 INF, ; g 8 
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on diminue beaucoup les Ecarts qu'on fera dans les autres termes en les ſuppoſant 


proportionnels aux rapports obſerves; et qu'on ſe procure meme ſenſiblement 
Teexactitude, aux environs des points d'epreuve actuelle, qui ſont en meme tems 
les plus pres du plus grand nombre des cas de pratique pour leſquels on cherche 


des meſures. | 
Et ſi Pon confidere les co-effets en general, mettant à part cette extreme diſ- 
parite, on en trouvera peut-etre rarement qui ſuivent des loix plus differentes 


que les dilatations correſpondantes du mercure et de Feau de vie; tres ſouvent 


meme ils ne $'ecarteront pas davantage que celles de l'eau de vie et de Veſprit de 
vin; et alors on a vu, que cette methode y rẽduit tellement les ᷑carts, en les 
rejettant hors des limites des cas ordinaires, qu'on pourra l' employer ſans erreur 

A ſenſible, 
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co· effects are not followed in all their degrees. Whilſt, 
on the other hand, the method of taking the fundamen- 
tal proportions in points which are very diſtant, under 
the idea of leſſening the effects of the errors, is exactly 
that which accumulates a greater quantity of them upon 
the intermediate caſes, which are the moſt frequent, and 
often the only ones in the which there is need in prac- 
tice of knowing the co-effects by one another. 


One muſt not, therefore, ſeek the power of the 
Thermometer which corrects watches, invented by the 


immortal HARRISON, by trying it in the temperatures of 
artificial congelation and in a ſtove; for that is the way 


of deſtroying a great part of its correcting effect, in the 
very caſes wherein it is moſt neceſſary, by accumulatin g 
on them the deviations of two co- effects, probably very 
little proportional, namely, the chan gesof the elaſtic force 


of 


* 


ſenſible, quand on n'aura pas ſuivi ces co-effets dans tous leurs degres. Tandis 

que celle de chercher leurs rapports en des points fort ẽloignẽs, dans Fidee de 
diminuer l'effet des erreurs, eſt preciſement le moyen d'en accumuler le plus 

ſur les cas intermediares, qui ſont les plus frequens; et ſouvent les ſeuls ou Fon 

| ait beſoin de connoitre les co- effects les uns par les autres. 
Il ne faut donc pas, par exemple, chercher le pouvoir du Thermometre cor- 
recteur des montres, invente par l'immortel HARRISON, en Veprouvant dans les 
temperatures d'une congelation artificielle et d'une ẽtuve: car Ceſt le moyen de 
lui õter une grande partie de cet effet correcteur, dans les cas ou il eſt le plus 
neceſſaire; puiſque C'eſt y aceumuler les Ecarts de deux co- effets probablement 
tres peu proportionnels; ſavoir les changemens de force elaſtique d'un reſſort 
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of a ſpiral ſpring, combined with all the other alterations 
heat produces in a watch, and the different degrees of 
bending of a lamella compoſed of two metals differently 
dilatable by heat. I am apt to believe, that a part of the 
irregularities which ſtill continue in theſe watches with 
correcting Th ermometers, proceed from not having tried 
their effects within the limits of the natural tempera- 
tures to which the watches are expoſed. = 
For the ſame reaſon it will not be proper to uſe very 
great differences of heat in the experiments intended to 
find the required combination of the two ſubſtances in 
the pendulum: on the contrary, it will even be better to 
make them within the limits of the natural variations of 
heat which the pendulum will meet with in its Place: 
for by that MEANS, though theſe ſubſtances have not pro- 
bably 


_—__ 


ſpiral, combines avec toutes les autres alterations que produit la chaleur dans 


une montre, et les differentes courboures qu? Eprouve une lame compoſẽe de deux FF 


mẽtaux differemment dilatables par la chaleur. Auſſi ſuis-je porte à croire, 
qu une partie des irregularitgs qui reſtent encore dans ces montres a Thermome- ; 
tres correcteurs, viennent de n'avoir pas cherche leurs effects au dedans des limites J 
des temperatures naturelles où les montres ſont expoſces. | 
Par la meme raiſon il ne faudra pas employer de tres grandes differences de 
chaleur dans les experiences deſtinfes à trouver la combinaiſon convenable des 
deux matières dans le pendule; et au contraire il conviendra de les faire en 
dedans meme des limites des variations naturelles de chaleur que le pendule 
tpiouvera i ſa place: car par la, quoique ces maticres n'ayent probah.ement pas 
ia 
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bably the ſame progreſſion by heat, one will not perceive 
in practice the effects of their differences. 

One muſt not neither, from the compared dilatations 
of air and quickfilver in paſſing from the freezing to the 


boiling point, conclude the relation of the denſities of the 
air in the atmoſphere with the height of the quickſilver 


in the Thermometer. For here, as in the compariſon be- 


tween ſpirituous liquors and quickſilver, we have a double 

error to guard againſt, that which may ariſe from the dif- 
ferences i in the progreſſion of all air and quickſilver by 
the variations of the heat, and that which more or leſs ex- 


halations and vapours certainly do produce i in the dilata- 


tions of the former. I believe, therefore, that to confine 
one” s ſelf, in ſeeking for a common rule, within the li- 
mits of the moſt frequent natural variations of heat, and 
obſerving their effects in the atmoſphere itſelf, will be 


the 


— 


la meme marche par la chaleur, on ſera ſenfiblement à Pabri des effets de leurs 


differences. 5 
II ne faudra pas non plus chercher, par les rapports des dilatations de Pair e et 
du mercure en paſſant de la glace à Peau bouillante, ceux des denfites de Fair 
dans atmoſphere avec la marche du Thermometre, Car ici, comme dans la 
comparaiſon des liqueurs ſpiritueuſes au mercure, nous avons double erreur a 
prevenir: celle qui peut reſulter des differences dans les marches de tout air et 
du mercure par les variations de chaleur, et celle que produiſent ſurement dans la 
marche du premier, le plus ou le moins de vapeurs et d'exhalaiſons qu'il contient. 
Se renfermer donc, pour la recherehe d'une regle commune, dans Fetendue des 
variations de chaleur les plus frequentes, en obſervant leurs effets dans Vatmo- 
E11 2 ſphere 
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the ſureſt mean of diminiſhing the errors, till ſuch time 


as one ſhall be able to follow theſe variations of denſity 


though all their cauſes; enquiries worthy the greateſt | 


care of natural philoſophers. - 


For the ſame reaſons it will net be in the greateſt and 
leaſt degrees of heat in the atmoſphere that we muſt take 
the fundamental proportions of the refractions with the 


Thermometer: for unleſs one- was likewiſe to determine 


by experiment ſome of the intermediate proportions, 


one would probably be expoſed to. very great errors; 


confiderin, g firſt, in general, that the changes of the den- ; 
| fity of air by heat may poſſibly, as I have juſt ſaid, not 
obſerve the ſame law as thoſe of the quick ſilver in the 
Thermometer; j conſidering likewiſe that the chan ges of 
the den bye of the atmoſpherical air * heat are probably 


AC com- 


Tphere meme, ſera je crois le moyen le plus ſir de diminuer les erreurs, juſquà 
ce qu'on ſoit en ẽtat de ſuivre pas à pas ces variations de denfite par routes ieurs 


cauſes; recherches dignes du plus grand ſoin des phyficiens. 


Par les memes raiſons il ne faudra pas chercher dans les plus grandes et les 


moindres chaleurs de Patmoſphere, le 3 des rẽ fractions avec le Thermomè- 
tre: car a moins de determiner auffi par experience quelques uns des rapports 


intermediares, on ſeroit probablement ſujet à de tres grandes erreurs: vu d'abord 
en general, que les changemens de denfite de Vair par la chaleur, pourroient 
bien, comme je viens de la dire, ne pas ſuivre la meme loi que ceux du mercure 


4ans te Fhermometre: vu encore que les changemens de denfite de Pair atmo- 
2 
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accompanied with a change of its nature, by the mix- 


ture of vapours and exhalations, which may occaſion 
great variations in the law of dilatations; conſidering 


above all, that the changes of refringent power and of 


denſity are two co- effects of very different nature, the 
progreſſions of which may differ more, than thoſe of the 


denſities alone in different bodies. Here then are com- 
plications of complications, which may very likely accu- 
mulate errors in the intervals of the proportions fur- 
niſhed by experience between. the refractions and the 


indications of the Thermometer, if thoſe proportions 


were taken i in points very far diſtant. The application 
of the theory of refractions to the practice of aſtronomy 
is as delicate as important, and cannot be viewed i in too 
many lights: which determines me not to inſiſt farther 


here 


11 


ſpherique par la chaleur, ſont probablement accompagnẽs de changement dans ſa 
nature par le melange des vapeurs et des exhala ſons, ce qui peut rendre la loi 
de ſes dilatations très variable; vu ſurtout que les changemens de vertu refrin- 
gente et de denfite, font deux cos effets de nature bien differente, et dont les 
marches peuvent s carter davantage, que celles des denfites ſeules dans diffẽrens 
corps. Voila donc des conplications de complications, qui pourroient bien 
accumuler des erreurs dans l'intervalle des rapports fournis par l'ex pe rience entre 
les rẽ fractions, et les indications du T'hermom<tre, ft ces rapports ẽtoĩent pris 
en des points fort èloignes. Lapplication de la theorie des refractions à la pra- 


tique de Paſtronomie, eſt auſſi delicate qu'nnportante, et on ne ſauroit Penvi- 


ſager 


542 Me. DE Luc 072 
here on this object, but to conſider i it by itſelf in another 
Paper. 

As to phyſical co-effects in general, and I dare aſſert it 
here, in co- effects of all kinds, if one cannot fix all their 
relations, degree by degree, by immediate and ſure ob- 


ſervations, one muſt avoid deducing general rules from 


relations taken in the extremes. The action of cauſes, 
moral as well as phyſical, whether from the variety 
of the ſubjects on which they act, whether from ſecon- 


dary ones which eſcape our obſervations, i 18 too compli- 


cated, for the obſervable modifications to increaſe i in the 


exact proportion of the evident cauſes; and conſequently 


for the co-effects of theſe to be propor tionate between 


. themſelves. 


1 ſhall 


fager par trop de faces; ce * me determine à ne pas 1 m *tendre arantage 


ici ſur cet objet, pour la traiter a part dans un autre Memoire, 
Quant aux co- effets phyſiques en general, et Poſe le dire ici, dans les co-effets 
de tout genre, ſi Pon ne peut pas fixer tous leurs rapports degrẽ par degrẽ par des 
obſervations immediates et ſures, il faut eviter de tirer des regles generales, de 
rapports pris dans les extremes. L'action des cauſes, tant morales que phy- 
ſiques, eſt trop compliquee, ſoit par la variete des ſujets fur leſquels elles agiſ- 
ſent, ſoit par des cauſes ſecondaires qui ẽchappent a nos obſervations, pour que 
les modifications obſervables eroiſſent en proportion exacte des cauſes evidentes; 
et par conſequent, pour que les co-effets de celles-ci ſoyent proportionels entr'eux. 


6 Je 
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I ſhall now collect the reſults of the n re- 

flexions with regard to phyſical meaſures. 

When the inquiry is into general cauſes, ſuch as heat, 

the electric fluid, Humor, light, the weight of the air, 

the fall of bodies, percuſſion, &c. cauſes concerning 


which we never acquire ſufficient light, we muſt endea- 
vour to find out what are their moſt ſimple effects, in 
order to meaſure the intenſity of them by thoſe 
effects. In that caſe it is proper that the fixed terms 
of the meaſure be taken at the greateſt poſſible 
L diſtances. For it being the moſt ſimple effect, and con- 
ſequently that which approaches neareſt to follow, by 
its degrees, thoſe of the intenſity of the cauſe, it will 
ſerve as a common meaſure for all the other effects de- 
pendant on it. One muſt, therefore, aſcertain the uni- 


form 


— 


le vais maintenant bi ici les reſultats des reflexions precedentes 3 4 
'teard des Meſures phyſiques. 
Lorſqu'il s agira de cauſes generales, comme la chaleur, le fluide fleQrigue, 
. humor, la lumière, le poids de l'air, la chute des corps, les chocs, &c. cauſes 
fur l'action deſquelles nous wacquerrons jamais afſez de Jumicres, il faut 
chercher quels ſont leurs effets les plus ſimples, afin de meſurer leur intenſité 
par ces effets. Alors fans doute il convient que les termes fixes de la meſure 
ſoyeat pris aux plus grandes diftances poffibles. Car sl agiſſant de Vettet le plus 
ſimple, et par conſequent le plus approchant de ſuivre par ſes degres ceux ce 
Pintenſité de la cauſe, il ſervira de meſure commuye pour tous les autres effet 
ui cn dependront, II faut donc aſſurer la conſtruction uni forme de la meſure; 
ce 
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form conſtruction of the meaſure, which cannot be more 
accurately obtained than by a great diſtance of the fixed 
points; and attempt, however, by every means poſſible, 
to find the proportions of this moſt {imple and moſt re- 
cular effect, with its cauſe. It is on this account, that, 
in my treatiſe on the Thermometer, I have expoſed all 
the reaſons which lead me to believe that quickſilver i is 
the body whoſe changes of bulk are moſt proportionate 
to the variations of heat which produce them, in order to 
aſſure to this liquid the preference as a common meaſure 
of heat: and that afterwards, as I have ſaid above, I looked 
for the proportions c of its progreſſion with thoſe of heat 
itſelf. 

But as to the co- effects which will be indicated by 
theſe meaſures of general cauſes, unleſs they can be de- 
termined degree after degree by experiment, and the | 
object 


—_— — . > 
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ce qu'on obtient plus ſurement par une grande diſtance des points fixes; et 
chercher cependant par tous les moyens poffibles les rapports de cet effet le plus 
regulier, avec ſa cauſe, C'eſt par ces raiſons que dans mon traite ſur le Ther- 
mometre, Pai rafſemble tous les motifs qui me portent à croire que le mercure 
eſt celui des corps dont les changemens de volume ſont les plus proportionne!s 


aux variations de la chaleur qui les produiſent; afin d'aſſurer a ce liquide la pre- | 


ference pour la meſure commune de la chaleur: et qu'enſuite, comme je Vai dit 
ei- deſſus, Jai cherche les rapporu de ſa marche avec celle de la chaleur elle- 
meme. 

Mais quant aux co· effects qui ſeront indiques par ces meſures des cauſes gene- 


rales, a moins qu'on ne puiſſe les determiner degre par — a Vaide de Pexpe- 
rience, 


— 1 


2 


2 
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objects are delicate enough to make this neceſſary, the 
ſafeſt, and at the ſame time moſt convenient, method 
will be always to keep within the limits of the natural 
caſes, to fix the fundamental points of the proportions; 
uſing for that purpoſe all the ſupplies of art and found 
logic to come as near to exactneſs as poſſible in fixing 
theſe baſes. It is this conſideration which ſeems to 
me to give ſome value to the method of aſcertaining the 
relative expanſibilities of bodies, which is the ſubject of 
the firſt part of this paper. If the co-effects are propor- 
tionate between them, there will be little loſt in not taking 
diſtant terms of compariſon, if they are taken exactly. 
If the co-effects are not proportionate, there will be much 
gain; and the leſs they are, 10 much the more. 
We are obliged to take up with probability! in Nature 


in ſo many reſpects, that it is perha aps of more impor- 
tance 


—_li. — _—_— — "WY £ N 3 


6 
— 


rience, et que les objets ſoyent aſſes delicats pour qu'il le faille, lu methode la 
plus ſure, et en mème tems la plus commode, ſera toũjours de rentrer en dedans 
des limites des cas naturels, pour fixer les points fondamentaux des rapports; 
en employant tout ce que l'art et la bonne logique peuvent fournir de ſecours et 
de methodes pour approcher le plus qu'il eſt poſſible de / exactitude en fixant ces 
baſes, C'eſt cette confideration qui me paroit donner du prix a la methode de 
fxer les expanſibilités relatives des corps, qui fait le ſujet de la premiere partie 
de ce Memoire. Si les co-effets ſont F cnty cul, on perdra peu A 
ne pas prendre des termes de comparailon Eloignes, pourvu qu'on les prenne avec 
exactitude. S'ils ne le ſont pas, on gagnera beaucoup; et d' autant plus, qu'ils 
le ſeront moins. | | 

Nous ſommes obligẽs de nous contenter du robable 3 a tant d ceards dans la 

Vor. LXVIII. * u u Nature, 
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| tance to us to inveſtigate the phyſical rules of probabi- 
lity than to attend to its mathematical rules upon hypo- 
theſes. | * 


U 


EXPLANATION OF THE FIGURES. 
FIG. 1. 
aa Arod of a ſubſtance little dilatable by heat (glaſs for 
inſtance) ſuſpended vertically. 
> A bracket, from which hangs that rod. 
c Point of ſuſpenſion of the rod. It is the point where the 
rod } is free from the Preſſure of the piece which keeps 
it 


Nature, que chercher les regles phyſiques de la probabilite, nous eſt peut-etre 
plus eſſentiel, que de nous attacher à ſes regles mathematiques ſur des h ypotheſes.. 


EXPLICATION DES FIGURES. 
FIG. I. 
aa Une branche d'une matiere peu dilatable par la chaleur (de verre par exem- 
ple) ſuſpendue verticalement. 
5 Une pi ce fixee quelque part, d'où pend cette branche. 


Point de ſuſpenſion de la meme branche. C'eſt celui on elle ſe trove degagee 
de 
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it ſuſpended; and it is from that point only that the 


length of the rod is reckoned. This is the rod which 
is called fixed in the paper. 
dd A rod of a more dilatable ſubſtance than the former. 
e Point at which the rods are connected, called i in the 
paper point of union of the rods. 5 


7 Point marked — the rod dd at the middle height of 


the rod ada. 


2 Another point upon the ſame rod, at the third part of 


that height. 


The rod dd is the one e which is called free i in the 
paper. If then that free rod has a dilatability 
double of that of the fixed rod, the point } ſhall 
be immoceable, notwithſtanding the variations 
of the heat. If the firſt dilatability is triple, | 


then the point d will be 1mmoveable. 


F 1G. 


—— —— 


de la pièce qui la tient ſuſpendue; et Ceſt de ce point ſeulement que doit ſe 
compter la longueur de la branche. Ceſt celle qui eſt dite Jobe dans le 
Memoire, 5 „ 
44 Une branche d'une autre matiere plus dilatable que la premire. 
Point ou les deux branches font goupillees enſemble, nomme dans le mẽmoire 
point de reunion des branches. 
Point marque ſur la branche adi a la moite de la hauteur de la branche ag. 
Autre point marque ſur la meme branche, au tiers de la hauteur de Pautre. 
La branche dd eſt celle qui eſt ditte libre dans le Memoire. Si done cette 
branche libre a une dilatabilite double de celle de la branche fixte, le point 
4 ſera immobile, malgre les variation de la chaleur. Si la premicre dila- 
abulite eſt triple de la derniere, ce ſera le point d qui ſera immobile. 


U u u 2 F 18. 
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F I Go. II. 


aa Stand to which the Pyrometer is ſuſpended. 
5 The hook from which it hangs. 


ccc The deal- board which is the baſis of the whole ap- 


paratus. 
_ dddd Four arms to which the frame eee is fixed. 
ceee The frame. 

$555 Another frame, which Carries the Microſcope. 


92 Two crofs pieces, through which paſſes the tube of 


the Microſcope, and which ſupport it near both ends. 
bh The Microſcope. 
i Its Micrometer. 


L Cork, through which paſſes the glaſs rod, and by 


which it is kept ſuſpended. 


The 


FIG. II. 


aa Le ſupport 3 eſt fuſpendu le Pyromitre. 
Le crochet d'où il pend. 
ccc La planche de ſapin qui ſert de baſs 3 a tout Pappareil.. 
Addd Quatre bras qui fervent a porter le cadre ee. 
eee Ce cadre. 
| Ffif Le chaſſis qui porte le dans. 1 
gg Deux traverſes dans leſquelles paſſe le tube du Microſcope, pour. le ſoutenir 
pres de ſes deux bouts. 
hb Le Microſcope lui meme. 
Son Micrometre, 
Liege dans lequel la branche de verre eſt tenue: 
ON” 2 . La 


> 
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11 The glaſs rod. 5 
n A rod of metal, or of any other A leſs dilata- 
ble than glaſs. 
1 Point of union, obtained by means of two connected 
rings, in which both rods are faſtened by ſcrews. 
Higher up is another pair of rings, in one of which 


the metal rod is free, and which rod it ſupports. 


op The piece to-which the glaſs rod is ſuſpended. 


7 A ſquare piece fixed to the frame by four ſcrews, be- : 


Hind which is a box, in which, as well as in a groove: 
cut in the baſis in P/ the piece op ſlides. 

TA ſcrew, which paſſes through the ſquare piece 2 
whoſe uſe is to move backwards or forwards the piece 
J, in order to bring the ſurface of the metal rod to the: 
focus of the Microſcope. 

Ce wn 


» K " ch. _ * —_— —— at 


1 La branche de verre. 
m La branche de metal, ou de toute autre ſubſtance plus Jilatable que le verre. 


» Le point de riunion, produit par deux anneaux accouples, ou chacune des. 


branches eſt fixce par une vis. 


Un double anneau ſemblable, mais ow la branche de metal paſſe librement,, 


ſe voit plus haut, et ſert à ſoutenir cette dernière branche. 
0 T. La piece à laquelle la branche de verre eſt ſuſpendue. 
Une autre piece fixce ſur le cadre par 4 vis, derrière laquelle eſt une boite od 


la piece op gliſſe fort Jalte, ainfi que dans une mortaiſe faite a la planche 


ccc en p. 
r Une vis qui paſſe au travers de la piece 3, et qui ſert a faire mouvoir la pièce 
op en avant ou en arrière pour amener la ſurface de la branche de metal: 
au foyer du Microſcope, 
5555 Quatre: 
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4443 Four ſcrews, with round metal plates behind 
their heads, which ſerve to preſs the frame of 
the Microſcope againſt the frame eeee: the longitu- 
dinal openings, through which paſs the ſcrews, per- 
mit the free motion of the firſt frame, when one 
ſtrikes gently with a hammer to the bottom or the 
top of one of the ſides. 
When one wants the Microſcope higher or lower 
than the grooves permit, one may chan ge the 

ſcrews in other holes made on * in the 

fide pieces of the frame eee. 


order to be heated at different degrees by W ater of 
various temperatures. 
uu Supporters of the bottle. 


* Ther- 


1s Quatre vis, ayant des plaques de metal derrière leurs tites, qui ſervent a 
preſſer le chafhs du Microſcope contre le cadre eee; fans empecher cependant 
que ce chaſſis ne puiſſe monter ou deſcendre (par le moyen des ouverturcs 
longitudinales ou paſſent les vis) en frappant des petits coups de martcau 
deſſous ou deſſus l'un des cotes. 

Quand on a beſoin de placer le Microſcope ** haut ou hs bas que les 
couliſſes ne peuvent le permettre, on change les vis en d'autres trous qui 
ſont le long des montans du cadre eee. 

ittt La bouteille cylindrique dans laquelle pendent les branches pour y ètre 
c.chauffces adifferens degres, par de l'eau 3 difterentes temperatures. 
24 Supports de cette bouteille. 


bh Ther- 


7ttt The cylindrical bottle, in which hang the . in 
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x Thermometer ſaſ pended in the water. 


yy A rod, to the lower end of which is fixed a ſmall 


plate, to ſtir the water by moving it up and down. 
33 A ſyphon, one branch of which is within, and the 
other without, the bottle, the latter with a cock; 


ſerving to draw off the quantity of water which is 


neceſſary for changing the temperature in the bottle. 


FIG, III. 


a The ball of the Areometer, which is of 4 and 
empty, except 


2 b The ſmall ciſtern at the bottom, which contains ; quick- 


ſilver. 


cc The branch, made of a thin metal tube, cemented to. 


the ball. 


45,15 Two 


— 


* Thermomitre ſuſpendu dans Veau. 


C3 Baguette au bas de laquelle eſt une petite plaque, qui ſert à agiter reau en la 


faiſant mouvoir de bas en haut et de haut en bas. 


⁊ Syphon, dont une des branches eſt dans la bouteille, et Vautre au dehors 


portant un robinet; ſervant a tirer de la bouteille la quantite d eau neceſſaire 
aux changemens de degres de chaleur. 


FIG. III. 


a Boule de I Artomꝭtre, qui eft de verre et vuide, excepte 
Le petit reſervoir rempli de mercure. 
cc La branche, faite d'un tube mince de metal ciments a la boule. 3 
45,15 Deux. 
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45, 15 Two threads tied to the branch, which are the 
fixed points of the Areometer, as intended to try ſpi- 
rituous liquors. | 

The conſtruction of the whole Cale! is explained in 
the paper. 
One may apply another ſeate on the oppoſite fide of 
the branch (ſuch as the arbitrary ſcale i in the figure) in- 
tended to try merely the ſpecific gravity of the liquids 1 in 
which the Areometer may be dipped. The particular 
fixed points of this ſcale (as for inſtance dd J may be taken 
in two liquids whatſoever, whoſe ſpecific gravities, tried 
by the hydroſtatic balance, ſhall have a convenient rela- 

tion; and the ſpace between thoſe two Points will be di- 

| vided into a convenient number of equal parts. 
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4551 5 16 fis attachẽs autour de la branche, qui Bat les points fixes de 2 = 
metre, comme deftine a Pepreuve des liqueurs ſpiritueuſes. | 
La conſtruction de toute cette Echelle eſt expliquee dans le Memoire. 

On peut tracer de Pautre cõtẽ de la branche une autre Echelle (comme Pechelle 
arbitraire de la figure) marquant fimplement les peſanteurs ſpecitiques des liquides 
dans leſquels l' Areomttre ſera plonge. Ses points fixes (comme par exemple dad) 
pourront auffi etre marques par des fils dans deux liqueurs quelconque, ou la 
balance hydroſtatique aura indiquẽ des peſanteurs ſpecifiques qui ayent entr'elles 
des rapports ſamples, dont la difference ſera diviſce enſuite en parties egales ſur 
_Fechelle. | 


MW 
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The proportions are not determined in this figure, 


which ſerves only to help the explanation of the princi- 
ples upon which a comparable Areometer might be con- 
ſtructed, 


II n'y a rien de dẽterminẽ dans les proportions de cette figure, qui ſert unique- 
ment a rendre plus intelligible les principes ſur leſquels on pourroit conſtruire 
un Artometire comparable. 5 
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meter, and Rain, at Lyndon, in Rutland, 177 7. 


Thomas Barker, Eſquire. 


- Pringle, Bart . P. R. S. 


5 XXII. 7 act of a Regiſter of the Barometer, Ther mo- 


By 


Communicated 2 Sir John 


Read February 26, 1778. 


= Barometer. | "Thermometer, [Rai 
Hh 3 3 | In the Houſe. Abroad. : 1 
; $ | bed besen Mean. Hb. Low. ee ad. Low. | 
Jan. dien, 29.82] 2885] 29-36 25 261 301 477 27/5 
eb. Aera | 29-77 | 28,54 29,23 15 32 | 30 32 24403 
een 29-72] 28,49] 29-31 | $24] 38 4% 35 25 
Apr. Mora. 29-93 | 2397 20,53 5 2 4 $22 = e 
[prneſaers 2% aha 2048] 68 ro 4 
Pal en. 2991] 28,74] 29-42] 77 86 62772 
avg di, 2997 | 28.90] 29,58] 03,1 53 | 62 || 04.1 5 
bereden,] 29:99] 29,22 | 29,62 | 671 53H 88 59H) 42. 
oa. Mom. 29,80 | 28,20 29,32 py | 2 74 523 2 
wrong ne,] 200 | 2860] 29,48 5g 4% % 88 35 
De len.] 99] 2655] 25 360 251 3 J 1 35 
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The year began with hard froſt and a large ſnow, 
breaking ſometimes; but a ſevere ſeaſon, being chiefſy 
froſt and ſnow till about the 20th of February; when, 
after wet and floods at its going away, it was mild the 
latter end of February and beginning of March: then 
cold again; ſhowery the middle of the month, and three 
days about Lady- day hotter than is uſual ſo early in the 
year, the thermometer abroad being 68. The ſpring: 
ſeed time was fine, and the ground green, but not much 
graſs, the weather being in general windy and cold till 
near May-day: it then grew ſhowery, and though ſtill 
Cool, graſs and grain came on very faſt. Once this year, 
about June 1 oth, after ſome dry hot weather, the ground 
began to burn; but from that time to the end of July, 
there was ſo much rain that the quantity of graſs and 
hay was very great, ſome of which was well got, though 5 
ſome was ſpoiled ; the crops of grain were good, but too 
rank, and much laid. The harveſt was rather late, but 
moſt of it very well got, the latter part of the ſummer 
bein; g clearer, hotter, and drier than it had been before, 
and it continued hot later than uſual, for the thermome- 
ter in the ſhade was 74, near the end of September. 
There Was a great deal of rain in October and November, 
yet as the ground was dry before, and the rain came by 
fits, with ſine weather between, the wheat ſeed time was 
XxX 2 Ss very 
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very favourable, and the ground continued in good order. 
The weather was open and fine till a little way in De- 
cember; but a great part of that month was dark, calm, 
and moſtly fair, and frequently ſcarce either froſt or thaw, 
and the year ended as it began with froſt and ſnow. 


The earthquake which was felt September 14, in 
Cheſhire, Lancaſhire, &c. was obſerved by ſome people 
here, both the ſound and ſhake; but as there was a ſtrong 
wind at the time, neither of them were ſo much taken 
notice of as they might probably 0 otherwiſe have been. 


1 had: a pocket bock lent me - laſt year, of a clergyman 1 
who formerly lived i in this country, giving ſome account 
of the weather of the wet year 1 7 25, which I here tran- 
ſcribe. = . 
« This year was cold and wet, having rained all the 
< time, except now and then a day, from the middle of 
April till Auguſt 27. 
* The hay at firſt came in ill, through a great flood 
« June It and 1 2, and almoſt conſtant rains; the mea- 
« dow graſs worth little; the rains being but ſmall, it 
e came in better at laſt, 
_ « Harveſt was very backward, though many, fancying 
it would not, ſold off their barley early, and were 


« forced to buy for their families for five or ſix weeks at 
5 & leaſt; 
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66 leaſt; they were deceived by the height of the corn 
and grain, and coldneſs of the weather. 

Auguſt 23. A rain happened at Ketton feaſt of 24. 
hours continuance, cauſed a flood on the meadows for 
« four or five days, ſo the herd had ſcarce a place to feed 

% on; the tethering graſs for the horſes was all ſpent, 
and we were forced to take them to houſe till the corn 
« was off. 

« All garden-ſtuff was a month later than ſome other 

years; no berries on the hedges; no weather for pit= 
coal carriage; no caterpillars, flies, &c. no kidney- 

_ © beans, or very few, being deſtroyed by ſnails and cold. 

The year being moſtly wet and cloudy, things tranſ- 
on planted wanted no water nor ſhading; no fruits were 
cc well ripened; no grapes at all. 


_q 


** 


* 


1, 


„In Auguſt, wheat between five and fix ſhillings * 
„ ſtrike (buſhel); barley above four ſhillings and ſix- | 
0 pence; maſlin five ſhillings; oats dear. 
Note. The year 173 5 proved the ſame, 1 in alrcoft 
00 all particulars,” 


REMARK BY r. BARKER, 
I have heard a grazier of this town ſpeak of that year 
1725. I think his account of it was this: that it was the 


warmeſt and forwardeſt ſpring he remembered, till April; 
Peaſe 
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peaſe and other garden-ſtuff remarkably forward; and 

after that time the wetteſt ſummer he ever knew. 
The forwardneſs of the ſpring at firſt might make the 

farmers expect an early harveſt, as the account above 
ſays they did. e | 

The year 1723 was as dry as this was wet, 

In the ſpring 1776, there was a remarkable quantity 
of ſeed upon the elms, of which I ſow'd a conſiderable 
parcel, both of the upright kind and of the witch elm. 
I believe, not above one ſeed in five hundred or a thou- 
ſand, grew; but thoſe which did made much finer plants 
than thoſe raiſed from ſuckers, eſpecially the upright 
kind, two of which were full five feet high i in a year and 
Half from ſeed, and as thick at the bottom as my finger, 
They were ſown on a north border, to keep them from 

the ſcorching ſun, but the flies deſtroyed ſome of the 

plants at their firſt coming up. However, notwithſtand- 

ing the uncertainty of their growing, Ithink to ſow ſome 
more of the ſeed, when there is any to be got, 
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XXII. Journal of the Weather at Montreal. By Mr. Barr. 
Communicated by Richard Saunders, M. D. F. R. S. 


TO SIR JOHN" PRINGLE, BART. P. R. s. 


SIR, , 

Read Feb. 26, OOME days ago T received the incloſed 
89 Journal of the weather, kept by Mr. 
BARR, for a few of the winter months, at Montreal, with 
a defire to put it into your hands. I underſtand that the 
winter was thought particularly mild. The thermometer z 
was FAHRENHEIT'S graduated 50 degrees below o. Job- 
ſerve that the wind never blew from the north; nor do I. 


know that it ever blew from that quarter while I was in 


G America. 


I have the honour to be, &c. 


R. SAUNDERS» 


7 FoR 
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FOR DECEMBER, 1776. | 
| Days | Thermometer, "4 | ay; 1 
of the Snow Wind Remarks. 
Month. ] Morning — f | | 
; n » | Inches| | 
14 +10 — 4 „„ 
is | + 2 + 30 3 NW Cloudy, the firſt fall of ſnowatnight 
16 DB + 16 + 2 1 . NW |Clear. | 
1714 — 4 | +22 NW |Clear. 3 . 
18 | +29 | + 8 NW Clear, the wind high. A 
19 — 2 at O SY NW Calm, a fine calm morning. 
DT Tx +20 | alittle] NE Cloudy. Hed cy 
21 | +24 +26 | ditto | NE Cloudy. ey 
22 | +24 +14 | ditto | NW Clear. 1 
23 | +125 +12 NW Clear. So 
"26 1 +4 4 + © NW Clear. 
1 „ | | Clear, and a little wind. It is worth| 
2s | at © | + 8 | NW | q obſerving, that the wind is never 
„ 2 | | high when the thermometer is low 
26 | + 8 +20 | ſome | NE Cloudy. * 
27 416 +10 | ditto | NE Cloudy. 7 
28 +13 | +16 | {| NE |Cloudy.- : 
I 9 |] +3 +18 E Cloudy. 
30 | +26 | +20 faule] NE Cloudy, _ 33 
F 38 [Cloudy ſome rain in the night. 
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' FOR JANUARY, 


1777. 


Month 


Days 
of the | - 


1 hermometer. | 


Morning] Evening | 


—A— — — | Snow Wind 


| | | 


. — — 


© Ow OGG O — 


a little E 
ſome | NE 


fome | NE 


| NW 
NW 


410 | 4 b 
| _ [alittle] NE 


Cloudy, ſome rain. 


Clear, the wind high. 
Clear, little wind. 


Cloudy, little wind, 

Clear; 

Clear. 

Cloudy. 

Clear, little or no wind, 5 

Cloudy. 

Clear. 

Cloudy. 

Cloudy. 

Cloudy, a little ſnow. 

Clear. 

Clear. 

Clear, 

Clear, very little wind. 

Clear, in the morning g ſnow, and 

rain in the evening. 

Cloudy, ſome rain. 


Clear. 
Clear. 


Remarks. 1 


Cloudy. N 
Clear. | Ce | | 


„ ar 


Clear. A = | 
Clear. 3 N 
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FOR FEBRUARY, 1777. | 
Thermometer, | | e eee — 
—— — Snow Wind Remarks. [ 
Morning Evening | 


a 
E 


Inches 


| SW Cloudy. 
NE Cloudy. 


| NE 


| Cloudy. 


Clear. 


Clear. 
f Clear, a 


Clear. 


Cloudy. 


x — little wind. 


Clear, little or no wind. 
2 Clear. 


a large circle round the | 18 
moon this evening. . 


lear, this night a mae ſnow. 
9 NE Cloudy. 
Cloudy. 
Clear, ſnow in the night. 

Cloudy, ſome rain, wind high. 
Nw Clear. 


* 


e ws, oo] 
es 8 955 3 10 y very ittle wind, and| 
+22 +12 | ſome NW { weſterly i in the evening. N 
14 4 + 8 10 = NW — 1 4 


IPeather at Montreal. 
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FOR MARCH 77. 

Days T 1 
| of the | aa Snow Wind | Remarks. 

Month. Morning | Evening | 

a PI 
Y S441 +&Þ-71 
a 1 4.82 +36 
$1 © 1} 
4 + 30 +10 | 
$ 1-7 6 +14 
6 | +12 +30 | 
; 1 8 | I 
8 +26 | +360. 
gs | += | +PÞ 
10 | +36 | +34 7 (Cloudy, with 2 rain. 
FI +28 | +36 | * _ WW 
12 | +36 | +30 | Cloudy, with rain. 
13 | +28 | +44 Clear, 

| 15 | +38 | +40 Cloudy. : 
| 16 | +38 | +36 Cloudy, with thunder and rain. 5 
1 219 | +3 1} +3 {| Clear. | 

18 | +27 | +32 Clear. 
19 | +24 | +32 | | NE Clear. 3 
1 3 1 | | { Clear, wind vigh, and heavy 
20 | +9 +36 | [E I rain, ice on the river begins t 
1421 42 +32 [ſome 5 Cloudy. 
. ＋27 | W Cloudy. 
| 23 | +34 | +37 | fone | OW Rooaey, 
24 (732 +30 | | W Cloudy. 
0s +28 Bc. 2 | 135 NW Cloudy. | 
26 | +20 | +21 | | NW Cloudy. 
27 | +12 | +14 | | NW Clear. 

1 28 | +12 | +18 | NW Clear. _—_ 
| 29 +18 | +24 } | W- JCloudy. ENTS | 
' © | +88 1 +36 | ſome | NW Clear, fome now, withrain at night. 
. —ñ — — — ' 
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XXIII. Extract of Meteorological Obſervations made at 

Hawkhill, near Edinburgh. By John MGouan. 
Communicated by Sir John Pringle, Bart. P.R. s. 


Read Ts 26, 1778. 


las 0 0, 12“. 42”. in time, per 
"Hang: F 1037. W. 1 Obſervations. 


Fahrenheits Thermometer. 


hen] 

I 

— 

* 
TE: 14 
2 

— 

P 

. 


Months 1 at 8 h. A. M. at 2 h. KShk [A . 


— 


January 


| 38.06 29.75 

| 32.14 EZ 
. E 2 L 3 'o6 z 
las. | 40.40 34. | 
March 43.66 42.06 48. 45 40.18 1 


June 
July 
Auguſt 

8 eptember 
October 
November 0 


— 2 37.25 36.4 38.48 37.25 . Ears 
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Depth of rain at Hawkhill, near Edinburgh, i in perpen- 
dicular inches, for the year 1776. 


January _ 
February — 
March — 
April — 
May 
June 
— 
Auguſt 
September 
October 
November 
December 


WNNꝰI [FL44410 


Total rain 26.093 
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Read February 26, 1778. 


Barometer. 


1 
XXIV. Exract of a Meteorological Journal for the Year 
1777, kept at Briſtol, by Samuel Farr, M. D. 


[ 


Y Loweft. [ 


— 


Mean. 


J Viciffitude. 7 


0 


January 

: February 

March 

|. Aon 
May 

| June | 

July 

| 

| September 

| Odtober 


November 


December 


29.26 
28.88 
28.80 
29. 30 
| 29.16 
29.55 
| 29.30 
29-35 
29.50 
28.47 
| 29.04 
28.83 


29.83 
29.62 
29.30 
29.84 
29.61 
209. 80 
29.8 4 
29.89 
29.93 
29.63 
29.86 
29.56 


55 50—1 | 


+” 
+ 


| 0.58 1 


0.49 4 


+ riſing. 


— falling. | 


047-2 
0.39=1 


0.39- F | 


—— ae 


0.43 
| 0. 5 8— 2 1 
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An abridged Table of the wixps, 8c. for BRIs TOL, for 
4 5 the Year 1777. 


E 


— 


8 I | Thunder, &c. 


*{q | 
04,4] 
” J | 
4 


6 S ] 
| — 
A 


2 | 1 111 4 | 0.996 | 2 * 
12 | 33] 12 6 1.353 
2 12 53] 113] 92.25 
1040 31 17 | 9 1.962 5 

310 122.657 © | 14 20. N. E. 


* . 


T1 Is | 1.838 
1 3.285 


7 

4 | r13/24. N. E. 29. N. E. 
11 3120 1.887 o| 

7 

9 


13 8. S. E. 28. N. E. 
17227. S. E. 28. 8. E. | 
| 1446. S. E. 30. S. 


| 7 | 0.439] 
. 15 3.602 
234056 33 14 2.142 


el 


O 
tolm Wim 0 
S O & 0 


Dec. 5 © 412 12 14 64 0.959 12 | 72 
|_ 1174[104|81[174]27 {50 [109 126 [23.10 2 59 1444] 1 
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January. A froſt to the 1 Ith; wet to I 4th, which 
was dry; 1 5th wet; 16th and 1 7th dry; 18th wet, then 
| dry to 23d, and after to 27th; then dry to the end; 31ſt 

a fol. - - 

February. The 1ſt and 2d wet; the 3d, ans; and <th 

froſty, with ſnow on the night of the laſt; it was then 

ary 
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dry to the roth; ſnow'd on 1 ith and 12th; it was then 
dry to 18th, when it ſnow'd again; and on Igth and 20th 
was dry; 21ſt it ſnow'd, and after that was wet to 28th. 
March. Wet to 3d, that and 4th dry; 5th wet, then 
dry to 9th, and after to the 1 3th; then wet to 22d, and 
on 23d; it was then dry to 29th; the zoth was cloudy, 
yet dry; the 31ſt was wet. 
April. There was no rain till 7th at niche, nor after 
till x1th; 12th was dry; 13th ſtormy; 14th fair; 15th 
ſhowery; 16th and 17th dry; on 1 8th it ſnow'd; 1 gth 
fair; it was then wet to 26th, but after dry to 29th ; 1 
goth dry. 
May. The 1ſt was dry ; ; it was then wet to the 5th, 


put dry again to gth ; the roth was fair, but afterwards 


it was wet to 19th; 20th was ſtormy, and wet continued 
to 26th; 27th was wet; 28th and 29th fair; 3oth wet; 
31ſt dry. 
f June. The 1ſt wWas wet, , but it aid not rain till after 
4 8th; gth was dry; roth and 1 Ith wet; 1 2th dry; 13th 
ſtormy, as were 1 3th, 14th, I 5th, 16th, 17th, and 18th 
dry, but it rained in the night of the laſt; after that 
| ſtormy to 24th, which was fair; it was wet after to the 
end, except 28th. | 9 
July. Was wet every day to th, except 2d and 6th; 
Loth was fair, and every day, except 11th, to 19th; then 
Vo IL. LXVII. 222 wet 
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wet to 25th; 26th dry ; reſt wet. 
Auguſt.. Was fair till the 5th, and after to the 8th; 
me th, roth, and xxth was dry; Tath wet; it was 
then dry to the 21ſt, except in the night of 15th; 21ſt 
and 22d were ſtormy ; the reſt of the month was dry, 
but rather cloudy, except on 28th and zoth. 
September had the 2 firſt days ftormy ; it was then 
dry and froſty after 1 3th to the Igth; 20th was fair; 
-and rain fell after and in ſmall quantities only on 2 5th, 
29th, and goth. 
October was alternately fair as wet to the 8th; after 
n chat it was dry to r4th ; then wet to 1 gth ; ; then dry to 
2 2d; 24th was wet in the evening; 25th dry; after that 
wet to the end and ſtormy, except 27th. | 
November. The Iſt was dry, but after that it was wet 
to the 7th, and, except gth and x 2th, again till the 4th, 


from which it was foggy, but dry, to 18th; that and 


igth were wet; it was after that dry and froſty to the 
27th; 28th was fair; 29th and 3oth. were wet. 
December. Except that ſome heavy rains fell on the 
4th, it was froſty and dry to the x8th, which was wet; 
- 19th was fair; on 20th it ſnow 'd, but was afterwards dry 

to 24th; 25th was dry; 26th wet; the reſt was dry; on 
31ſt ome ow fell. 
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XXV. Journal of the Quantity of Rain that fell at Holme, 
near Mancheſter, from 1765 10 1769; and at 
Barowby, near _ from 1772 1 "Ones By 
— Lloyd. 


Read February 26, 1778. 


= Quantity of rain at Holme, near Mancheſter. = 


| | : _ 276 i | 2766 "ex 1 1768 ] 1769 


January 4 1.780 04235 | 0.440 | 1.040 | 2.100 * 
| February | 1.300 | 24030 | - 3.b55 | 4.400 | 2.17 


— 
— Es 2 


| 
April 3.6% | 2-469 | 0.375 | 2.290 | 1.06 | 
SP 5 O. 900 | 3-333 : 2.750 1 
June : | 1.790 | 3.813 | 
| F | wi 


2.075 | 


1.63 2 


2 
8 


** — 0 
—— — N . . 
"> - 
—— 
2 


4-245 | 
20 
7 | +55 | 
4] apo [= +a | 
| 3-467 | 7 | 1.274 | 
| 1.860 | 3-735 | 4.925 | 3-29 
1.455 


1.200 3.470 2.925 


. - — 0 
ö N 3 
— 
_ — cc— : 
- - 0 „ * 


Total _ | 31.558 25.762 29.186 | 40.526 | 32.514 31.90 
2 22 2 Quantity 
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Quantity of rain at Barowby, near Leeds. 


1772 


| 


Inches 


23.24 


1 24 
0. 3 * 


9 q——ñ— . — v 


| 
| 

| 0.8 
| 
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1773 
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Inches 
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| METEOROLOGICAL JOURNAL 
for January 177 5. 

22 Ar. Therm eren f "Winds. | 
. | out within. 1 
| | — — ny — — — | i Weather. 
NI = 7 Inches. Inch. | Points. Str. I 


= 13” Cloudy. : 
' NNE 4 Eine and froſty, 
211 Frofty. I 
11 Fine and froſty. 
I Froſty. | 
| 1 Fine and froſty. 
BE... IO. 
| 1 Fair and fro 
| x — 5 2 


1 
1 
1 
1 
I 
I 
I 
1 
1 C 
i Clou 
1 E Cool. 
I F roſty. 
Ly Froſty, 
N | 1 |Froſty. 
E 1 Proſty. 
1 Frofty. 
I 
I 
I 
I 
I 
1 
I 
1 
1 
2 
2 
2 
I 
I 
1 


Eroſty. 
1 (Foggy. 


| Fair. 

Fogg y- 

—_— 

| 3 Fair. 

Fair. 
Fair. 

N Fine. 


| METEOROLOGICAL FOURNAL 
bor January 177. 


TFherm.[Barom:| Rain. Winds, | 
— Wether. 


| ſwithoutſwithin. 
Inch. | Points. Str. . 
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48.0 30, | NNW 
48,0 30, IE by N 
| 45,0 [3907 | 
47.5 30 E by N 
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for — 1778. 


me. Therm. Therm 


within. 
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* 2 — — 6 — 


Winds. 
Weather. 
Points. 1 
|S by W V 1 Fair, | - in 
. Fire. 
1 by 8 Fi ine. 
NW 31 F air. 
| Nw | Fine, 
wW by N | ine. 
W by N oudy. 
NWbyN| pair. 
W by N| 1 Fine. 
| NW Foggy. 
NW Fair. 
AL Foggy. 
SW by 8 Fine. 
. Froſty. a 
M19 Fine and deny. 
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METEOROLOGICAL JOURNA L 
for February I777. 
Therm. Barom. Rain. | Winds. —_mw 
within. | | EE 5 | 
— | — | Weather, 1 
Inches. N Points. 'Str. | 
* 29,30 1 # SE Snow. eee 


39,0 
30,5 


35.0 
27, 
531,0 
| 27,0 | 
. 3Þ$ 4 

29,0 4 
o| 34,0 | 
40,0 
49,0 | 
475 
53,0 | 
46,0 | 
5355 


4455 
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4055 
5 0,5 | 
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59,0 
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29, 26 
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0 13904 1 
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SE 
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EN k 
NE 


 ENE 
SE 


| WSW | 


SW. 
| SW 
SW. 


SSW | 
N by W | 
NE by N 
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Fine. 
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Snow. 
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METEOROLOGICAL JOURNAL 


for March 1777. 


Therm. bern. From. Thain” Winds. 
— : 
x Inches | Inch. | Points. Str. 
—— SETY SO SEN CORRS SHORTY JOEY SON 
Mar. 18 45,0 [29,96 | ENE | 1 
+: EM 48,0 29,89 | a | NE 1 
28. 48,0 29,81 |ÞÞ {| E 1 
ö 2 1 51,0 29,78 SW * 2 
| 3 8 vi 51,5 29,78 2,230 WSW | 1 
2 of 58,0 | 54,0 [29,85 | SW |1 
E SG. 520 129,94 | „ 
12 © 56,0 | 54,5 [29.94 | | SE | I 
Z 5 8 Ol 4 $5 5155 29,76 | | ENE | I 
I 52,0 29,2 NE by EI 1 
97 30 49,5 48,0 [29,81 | NW | 1 
| 2 30 45,5 | 48,0 [29,79 | WNW | I 
t 7] 8 30 33,0 | 39,9 29,83 | NE | x 
| 2 0 41,0 | 41,5 [29,80 | I NE {| x 
908 9 31,5 | 36,0 2, 9 | SW „ 
| 2 0 42,0 | 42,0 29,51 i 
998 0 37,0 32˙5 129.37 | {| AW jr 
2 ©| 39,0 | 45,0 [29,99 | | NE I 
j 747 30 383325 129,59 [0,063] NNW | 2 
12 © 3960 | 36,5 jag,60 | NE [1 
11 7 30| 31,0 | 35,5 [29,70 | | NE | 
2 Of 41,5 | 38,5 [29,75 | ENE | 1 
12] 7 300 33,0 | 35,5 [29,92 | | NE [| 1 
|] 2 0 40, | 38,0 [29,72 | | NE | | 
13) 7 39 325 | 355 [29977 | | SbyE|1 
2 0 42,5 38,5 [29,93 | | NW | 
14] 7 39] 38,0 | 38,5 [29,66 fo, 3830 N by W| 1 
2 46,0 | 43,0 [29,74 | N by W 1 
15 7 30] 45,9 | 42,0 29,1 o, 205 SW | 1 
2 51,0 | 46,0 [29,65 | SW [| 1 
16| 8 300 47,0 | 45,0 [29,01 0, 148 SSW 2 
22 50,0 | 49,0 12697 { SW | 2 
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for March 1777. 


Timc. Therm. Therm. 
without within. 


Rain. Winds. Il ee 
Weather. 


Fair. 
Fine. 
Fair. 
Fine. 
Rain. 
F ine. 
Rain. 
Fine. 
Fine. 


"9, Fine. 
1 | Fine. 
E Fine. . 
1 Cloudy | 
3 Cloudy. | 
; 24 Fair. : 
2 — N 


F ine. 
Fine. 
Fine. 
n I 
Fair, | 
Fair. go =» 
Cloudy. : Ee B 
Fair. 1 } 
Fair. 
Fair. 
Cloudy. 
Eair. 
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METEOROLOGICAL JOURNAL 
1 
for April 177 . 
—— 1 Therm f Barom. Rain. Winds 1 EY 
„„ Weather. 
I 5 Inches Inch. Points, Str. | 
H. M. * 2 — Ro on 
April 1 3559 | 38,5 [29,90 b 3 y * 
| 35% | 39,5 129,90 | INE. 2 Fine. 
| 2 41,0 | 42,0 30,0 8 | NE 92 Fair, 
4, 45, [30,09 | 7 RE 
3 43, | 440 30,0 | NE | 2 Fine. 
" _ 52,0 4755 30,12 | NNE | 2 | Fair. 
4 40,5 43,5 30,20 NE | x Fine 
50, 45,5 [39,23 | NE 1 Fine. 
"I 40,0 | 44,0 30235 | 1 N KE FE |; 1 
J [7H TERS. 
. oe 48,5 43,2 29724 10!) NE | 1 Fair. 
| ö ol 37,0 | 40,0 30, 13 o,o r NE 1 Clovay. 
1 O| 47,0 | 44,0 $253 = — __ 1 Fine, 
| $7 q 36 [2 ng] | 872 Fine. 
| 7 a "a 2 Fine. 
ol 46,5 43,5 30,13 | ENE 2 Fine. 
9 040, o | 41,0 30,05 | 7 ENE 2 Fine, 
1: 000 RT | Lol 
10 7 of 42,0 | 44,0 30, 12 HN 1 pine. 
2 © 59,0 49,0 [30,00 | E 8 1 Fine, 
I ] 0 49,5 | 48,5 29,98 Nu iy Ir, 
© 620 5350 129,99 | S by W . 1 . 
12 7 951,5 53,0 29,83 0, 130 S 2 Fine * 
„ | 1 8. 
1 © 48,0 51,5 29,85 |0,039| WSW 2 Fine 
WW 
14 O 42,0 | 49,0 30, o | NE | 2 Fair. 
| | ©! 43,0 49,0 30,06 3 1 NE Dads 
| 15 O 42,5 | 47,0 30, 19 [0,045 my : Rain 
| - 0 47 0 | 49,0 30,23 8 8 NE 1 Cloud 
| 16 O 30,0 | 40,0 30,2 9910 NE Fair. * 
2 0 49,0 | 49,0 30, 20 — 5 
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METEOROLOGICAL JOURNAL 1 
for April 1777. 
Time. Therm. Therm. Barom. Rain. Winds _ 
| without within. K | 7 | 35 . 
e —! ne | 
H. M.] | Inches, Inch, | Points. |Str, | POS : 
Apr. 17] 7 of 37,0 | 44,0 [29,92 | | NE | i Fair. | | 
| | 2 9 51,0 | 46,0 [29,73 | | ENE 1 ine. | 
187 ©| 38,0 | 43,0 [29,60 '| NE | 2 nw. | 
2 0 45,0 | 45,0 [29,60 | [NE 2 [Cloudy. = 
19] 7 , 35,0 | 49,0 [29,799 | | NNE | 1 Fine. | 
e 49,5 43,5 29,84 . | EbyN 2 Fine. | 
20] 7 ©| 41,0 | 41,0 [30,04 | 8E | 1 Fine. 1 
| 2 ©|f 52,0 | 45,0 29,98 SE I bine. | 
21] 7 ol 48,5. | 46,0 [29,51 0,203 S by W 2 Rain. | 
| 2 ©| 56,050, o 29,50 | SW | 2 Rain. | 
22] 7 of 57,0 53,5 29,45 o, 10 SW 3. Rain. 
” 2 © 60, | 56,0 29,48 | [SW 3 air. 
| 23 7 ©| 53,0 | 55,0 29,64 o, oa SW | 2 Fair. 
I | 2 Of 01,0 | 56,5 [29,55 - "| BW --]- 2 ne. 
| 247 O 45,0 | 55,0 29,2 [o,075]W by N| 3 Fair. 
| 2 0 63,0 | 58,5. [29,76 | [W by NI 3 Fine. 
| 25| 7 0 42,0 49,0 30, 08 oi W.- 4-3 Fine, 
2 ©| 55, | 56,5 [30,09 | | W 2 Fair. 
26 7 ©| 41,5 | 47,5 30, 23 o,o23 W by S 1 Pair 
1 54,5 50,5 30, 18 W by N| 1 Fine. 
| 27] 7 0 40,0 | 45,0 30, 18 | NE | 1 Fine. 
2 © $88 | 48,5 30,16 | {| NE | 1 [Fine 
| 28] 757 o 43,90 | 46,5 30, 123 [|EbyS| 1 Fair. 
"| 2 of Wo | $0” 29,98 NE I Fair 
29 7 0 46,0 | 47,0 29,84 E by 8 1 Eine. 
2 955,5 | 535 29,800 E by 8 2 Pair 
30 7 ©| 47,9 | 50,0 [29,58 | 0,200 E by S | 1 Rain. 
2 ©| 59,9 | 535 [29-59 _ R 
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for May 1777. 
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METEOROLOGICAL JOURNAL. 


Therm. Barom. 
without within. [ 


Rain. | Winds. 


1 RET” " 


— — 


2 — Weather. 


—___ 


| 


1 |Cloudy. 


| * | 
64,0 | 50,5 | 1 Fine. 
$590 50,5 | I Fair. 
59,8 | 58,5 29, 7 | 1 Fair. 
$40 | 570 | V | 2 Fine. 
61,5 | 59,0 |2c | 2 |Fair, 
51,0 56,0 2 1 [Rain 
62,9 | 58,5 29,38 | x Fine. 
5325 57:0 129,07 = Fair, 
617,0 | 58,5 | | x Pine. 
52,0 56,5 1 Fair. 
65,0 | $9,0 | | I Fine. 
51,5 $0,5 | 2 Fine. 
58,5 59,0 1 Rain. ; 
| $1,0 | 5535 | 1 |Fine. 
6,0 | 590 1 3 {Fant 
253 | 5590 | 1 Fair. 
2,0 59,8 | 1 Fair. 
_ of 47,5 | $495 | 2 (Fair. 
| of 60,0 | 57,0 x jFinc. - 
| $320 | $590 1 Fine. 
9, 60, | 58,0 | 1 |Fair, 
1 Fine. 
I Fine. | 
1 Fine. 
2 [Fair. 
1 Fair. 
1 Fair. 
1 Rain. 
1 Rain. 
1 Rain. 
1 Fer. 
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METEOROLOGICAL JOURNAL 
for May 1777. 


| 3 1 
{| |Time.\Therm. Them TBarom. Rain. | Winds. | 
| | |without|within, | 1 
a H. : Inches Inch, | Points. Str. 
May 17 7 © 46, 51,5 * 0, 15) NE by E| 1 Fair. 
2 of 54,5 54,0 29,67 NE by N 1 Fair. 
1807 O 44,0 | 52,0 29,77 | NW | 1 Fair. 
| 2 of 60,5 | 54,0 [29,77 | WSW 1 Fine. 
19 7 of 6,5 | 53,0 [29,77 | | SE 2 Pine. 
\ 2 of 58,0 | 56,0 [29,73 | 1 Fair. 
20 7 Of 47,0 | 54,0 29, 60 1 Rain. 
r 1 Fair. 
217 9 46,5 52,0 9, 7 fo, 1 Kain. 
12 9 89,56, 29,36 | 1 Fair. 
2227 ©| 50,5 | 54,5 29,82 1 Fair. 
p | 2 0 le 2 Fine. 
| 23] 7 30 51,5 55,5 29,78 1 Pine. 
| | 2 9 63,0 | 58,5 29,83 1 Fine. 
2247 9 530-| $75 29,63 I Kain. 
| 12 9 37585 53,0 [29,55 | I Fair. 
285 7 © 51,5 57,0 [29,57 [© 1 Pine. 
Z | 2 © 63,5 | 62,0 29,57 1 Fine. 
| 26| 7 0 52,0 | 57,9 [29,77 fo, 1 Pine. 
| |2 9 53,0 | 58,0 29,85 2 Rain. 
| 17 G30 58,0 [29,91 1 Fine. 
| 2 o| 66,5 | 60,5 29,95 1 Eine. 
28 7 © 58,0 | 60,5 30, 0 1 Fine. 
ieee NW | 1 Fine. 
4 29) 7 © 51,5 | 53,0 30, 20 | NE | 1 Fair. 
| [ 2 0 61,5 | 60.5 30, 20 | SE | 1 Fine. 
| 30| 7 © 57,0 | 60,0 30,12 E 1 Fine. 
| 2 0 64,0 | 59,0 20,06 | | SE | 1 ſFine. 
31] 7 ©o| 59,0 | 60,5 30, 13 1 -SE - | 3 jFime. 
| RG 2 © 70,5 | 04,0 30,09 hon * SE I Fine. 
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METEOROLOGICAL '(JOURNAL | 
for June 1777- | 
in Time. Therm. Therm. Barom. Rain. Winds. 1 

_ [without|within, | | 
Sod cou TI — Ja Weather. | 
H. M. Inches e | Points, Str./ 2 

June I| 7 60, 5 64,0 30,02 gp 8 BE . ĩð 1 
| 2 0 71,0 | 67,0 30, oo WSW 1 Fine. 
27 ©| 62,0 | 65,5 30, 08 | W & ar. - 
2 ©| 72,0 | 68,0 30, 13 WSW 1 Fair. 
3 7 9 63,0 | 68,0 30,22 1S by W | 1 Fair. 
2 0 50,0: | 70,0 - [40,22 } | 3B - | 1--JFce 
4 7 ©| 62,0 | 68,5 30,18 S by W | x Pine. 
2 9 75,0 | 78,0 [30,09 | 4 SW. | 2 jFane.. 
5 7 of 57,5 | 65,0 30, 15 N by WI Fine. 
. | 2 9 66,0 | 64,0 30, 00 [| NW 1 ine. 
6| 7 © 51,0 | 57,5 30, 33 | NNE | x Fine. | 
2 0 66,0 | 62,5 [20,38 | | NE | 1 Fine. - 
-| 7 ©| 54,5 | 58,5 [39,31 | {| ENE || 1 Fine. 
6 © 0 67,0 62,0 30,19 NNW | x Fine. | 
87 of 53,0 | 58,5 [30,01 NW 1 Pine. 
2 0 60,0 | 61,5 29,98 | NE | 1 Fine. 
9 9 50,0 | 56,0 29,97 N by W 2 Fine. 
42 035,5 | $7,0- [29,95 NNE | 2 Fair. 
10| 7 Of 47:5 52,5 29 92 NN WII Fair. 
2 of 54,0 | 54,5 29,88 | NW I Cloudy. 
11] 7 0 49,5 52,5 29,77 0, 1310 E by S 1 Fair. 
n 129,75 | Sk | x Rain. 
12 7 O| 47,5 | 52,5 29,70 o, 110 NNW * Fair. 
142 © 60,0 | 56,0 [29,76 | NW | x |Fine. 
13 7 ©f 56,0 | 56,5 [29,76 | | SSW | 1 Fine. 
1 2 0 $40 | 58,5 [29,72 | | SW fa jor. - 
14 7 © 55, o 58,0 29,65 o, 14 W2W | 2 Fine. 
3 064, 52,0 3 SW | 1 Fine. 
15 7 O $7,0 | 59,5 |29,81 0, 1698 by W | 1 Cloudy, 
2 © 61,0 | 61,5 29,83 S by W | 2 Raid. | 
1667 d 58,5 61,5 [29,060 | 5 by W 1 Cloudy. 
| 2 ©} 63,0 | 63,0 [29,84 o, 04g by W 2 Kain. + 
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METEOROLOGICAL JOURNAL 
| 0 
for June 1777. 
* Time.] Therm. Therm. Barom. Rain, [ Winds. 
1 without within. 1 71 | 
| rt — * | — — — | Weather. 
B Inches | Inch. Points, |>tr.| 
1 3 5 | | 
June 17 7 of 58,0 | 61,0 [29,73 | 9,215] SW [1 Cloudy. 
5 2 0 63,5 64,0 29,81 | SW II Fine. 
18 7 ol 54,5 | 60,0 [30,10 | | WSW | 1 Fair. 
 Þ | 2 ol 66,5 | 62,5 30,17 WSW 1 Fine. 
1 197 o 57,0 61,5 30, 14  SSW 1 Cloudy. 
[12 9 61,0 | 63,0 [30,05 | | SW | 2 Cloudy, 
20 7 01.57,S | 62,0 29,4 |0,377] SW | 1 Cloudy. 
| 2 of 63,0 | 65,0 [29,66 | SW. | 2 [Fine. 
| 21] 7 of 57,5 | 62,0 29,72 N W | 2 Fine. 
2 97,0 | 65,0 29, | | W | = (Cloudy. 
22] 7 of 60,0 | 64,0 20,74 0, 1760 W byS | 1 Fine. 
| 2 ol 62,5 | 64,5 29,4 | SW | 1 Rain. 
2237 of 52,5 | 60,5 29,83 |0,344\N byE| x Cloudy. 
1 2 of 59,0 | 62,5 29,00 E by S | 2x Cloudy. i 
247 of 53,5 | 60,0 29,97 [0,405] NE | 1 ine. 
| 2 60,0 | 61,0 30,11 [NN SY Fine 
. 53,5 39,0 30, 0,260] NNW 1 Eine. | 
| TS 65,0 | 2 2 ö NW [x Cloudy. 
206 7 of 61,5 | 62,0 [30,14 | _ SW | 1 ine. | 
| 2 9 70, | 640 29,99 SW | 1 bine. | 
RE += 5 56,5 | 62,5 29,76 o, 10 SW bWI I Fine. 
| 42 © :62,0 | 62,5 [20,77 | | NW [1X Cloudy. 
; $9 55,0 | 60,5 29,99 o, 133 NW | 1 Fair. 
© 12 66,5 if 62,0 29,8 5 | SW I Fine. 
1 29 7 O 57,0 | 61,0 [29,89 | W | 1 Fair. 
| | 2 of 68,0 | 640 29,83 | SW | 2 Fair. 
30 7 ©| $79 | 61,5 [29,70 o, o byS| 1 Fair. 
8 68,0 64,0 29,78 SW II Fine. = 
Vol. LXVIII. 4B MET E- 
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METEOROLOGICAL JOURNAL | 
for July 1777. | 
E TIme. | herm. Therm. Barom. Rain, | Winds. FA 
_ {without|within. N | | 
— ͤ —œH—wüͤ—— — — Weather. 
| H. M. Inches. Inch. Points. Str. „„ 
3 rm py | 1 ö 
July 17 61,5 29,70 fo, 72 8E | 1 Cloud 
= 3 62,5 — 57 : E by 8 1 Seh. 
217 " Þ 61,5 29,68 |0,702] WSW 1 Fair. 
12. | } 63,5 29,72 | SW 1 Fair. 
37 \ | 63,0 [29,72 o, 120 SW | 1 bine. 
2 | 64,5 [29,66 | SE | 1 Rain. 
4 7 * 63,0 29,47 2 8 = 2 Fine. 
- FP „ 
1 | 60,5 29,53 0, 15 b * 2 Rain. 
. _ ' 64 = 63,5 | 38 | 8 by W oh Fair. 
| 6! 7 | | 62,0 [30,00 |0,031] SW I Pair. 
N 1 | 63,5 [30,07 | [WSW | 1 Fair. 
7 7 li 62,0 30,05 | - SW. | 3 Fane. - 
EY | 62,0 29,88 | SW | 1 Rain. 
M7 59,5 29,82 —— W | 1 Cloudy. 
8 62,0 29,85 „ ou 
: A 7 | 58,5 [30,14 [2923] NNE = Clout. | 
f "ut D | 6,0 [20,23 | [| NW 11 _— 1 
| ic 9: | 58,0 [30,33 | N | 2 Fair. 
5 | 60,5 30, 39 N by W 1 Fair. 
1 117 61,5 30,39 SW | 1 Fair. 
bs #7 | 65,0 120,37 | NI [Fine. | 
in '7- | 66,0 30, 34 { SSW | 1 Fair. 
I IS»: 68,0 309,34 | | 4 | 1 Fine. © 
| 137 68,5 30,37 | 1 Fine. L 
E 2 19,0 30, 30 |? Fine. 1 
3 19 68, 5 30,40 1 bine. | 
| 2 7370 30, 45 1 Fine. 
| io 3 -- 70,0 30, 34 1 Fine. 1 
| 2 | 72,0 30, 34 1 Fine. 1 
| 167 | 72,0 [30,29 | 1 Fine. 
By FEY 7440 3422 1 Ji Fine 


METEOROLOGICAL JOURNAL 
for July 1777. 
| 
Time. Therm. Therm. Barom. e 
without|within. | | 
cara — — — 1 Weather, | 
fi kl. M. Inches. Inch. | Points. |Str.| | 
July 17] 7 ©| 66,0 | 72,5 30, S. 10 | 
| |2 of 840 | 740 29 | | SW II 
| 218] 7 of 64,5 | 735 [2992 | | N || 1 
12 © 79,0 | 7575 29,90 1 © 8 [ 
19] 7 9 65,0 72,5 [20,81 | TE I 
2 9 173, | 735 29,81 I N 
20] 7 o 58,5 | 69,0 29, 0 I . 
„ 65,5 70,5 [29,73 | 1 © | 
I 21] 7 957 | 35 29,50 R. ; 
4 | 2 ©] 60,0 | 67,5 29, 59 1 | 
LY 227 o 56,0 | 63,5 29,87 2 . 
o 2 c 67,0 | 66,0 [29,88 | T 1 
23] 7 0 63,0 | 64,5 29,73 [0 1 2 
2 ol 73,0 | 68,5 [29,67 | — * 
24 7 o| 58,0 | 67,5 [29,58 | | SW |: 
2 o 68,0 | 67,5 [29,55 | WW 12 { 
25 7 0 53-5 | 62,5 29,71 o, %% NNE | 1 : 
'| 2 of 62,0 64,5 [29,799 | | NNE | 1 A 
26] 7 ©| 540 | 60,5 [29,94 | N by WI 2 
2 0 60,0 | 62,0 [29,95 | | NW [1 
277 of 56,5 | 60,5 [29,91 [W by NU 
2 9 685 | 635 29,909 | WW |: 
28 7 ol 57,0 | 61,0 [29,89 |-0,010/SW bW] 1 T- 
12 o Wo |} 0625 hos |. FF oW 12 | 
29| 7 ©| 58,5 62,5 [29,68 | 0,266|SE byS| 1 | 
j * 60,0 | 2,5 [29,54 | FM 1 | 
300 ) 0 57:5 62,5 129,52 o, 181 SW | 1 Cloudy. | 
=—T 2 7,09 | 64,5 29,51 SE | 1 Cloudy. | 
317 0 58,0 | 62,0 [29,31 [0,300] SE | 3 Rain. 
ES 62,0 | 64,0 [29,46 | SE | 2 Rain. Mo 
4B 2 MET E- 
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METEOROLOGICAL JOURNAL | 
| for Auguſt 1777. N 
{ Trime. Therm. Therm Brew. Nin Winds 5 
1 withoutſwithin. 5 | E | 
— — 1 — | Weather. | 
FI. M. Inches. Inch. Points. * 1 
Aug. 17 o 57,0 | 62,0 29,61 0, 366 SW by 1 Fair. 
| 2 0 69,0 | 65,0 [29,65 | | BW. | 1 Pine. 
22 75 ©| 58,5 | 63,0 [29,86 0,010 W by NI 1 Fair. 
| | 2 ©| 62,0 | 63,5 29,98 | | NW | 1 Cloudy. 
37 ©| 55,5 | 61,5 [30,17 | [NNW | 1 Fine. 
| 2 90 67,0 | 63,5 [30,23 | | NW | 1 Fine. | 
47 ©| 57,0 | 62,5 [30,24 8 by W 1 Fine. | 
fk 2 ©| 71.5 | 65,0 [30,18 | | SW | 1 Pine. 
97 of Bs | 635 %% | | SW | x air. 
| 2 of 65,5 | 65,0 29,97 | SW [| 1 Fair. 
C y 4 62,0 29,95 8s by WI Fair. 
2 0 70,0 | 65.0 [30,01 | ] SW | 1 Fair. 
| 77 © 58,0 | 63,5 130,09 | {SWbS| 1 Fine. 
| a | TAC | 09,6 nes | ] OW {| 3 Fine. 
97 9 63,5 | 65,5 [29,84 | | SSW | 1 air. 
[ 2 ©f 82,0 | 70,0 [29,84 | | SSW | 1 Fair. | 
| 9f 7 ©| 67,0 | 69,0 [29,63 | SW II Fine. 
| 2 Of 69,0 | 71,0 [29,78 | | SW II Fair. 
14 10 7 of 59,5 | 64,5 [29,98 | SW | 1 Fine. 
| 2 of 70,0 | 68,0 [30,04 | | SW | 1 Fine. 
11] 7 O 62,0 | 66,0 29,97 | SSE | 1 Pine. 
* 2 Sf. 76.6 68,5 29,94 | SW | x fine. 
i 12] 7 of Og:s | Os j90,031-| {| OW. | 1 Far. 
"1723 «a 10 | 14,0 j20;01- ISWbW]| x Fair. | 
-j - IJ 7. of 02,0 | 09,5 [30,22 0,020] NE | 1 Cloudy. 
k 12 ca 730 | 31,6 la020 | NE | 1 [Fine. 
| 14] 7 O 62,5 | 10,0 [30,36 | WSW | 1 Fine. 
|. 12-6 9 1 120. Me | SW II bine. 
15] 7 © 60,5 70, 0 30, 26 Wby S 1 Fine. 
| 2 Of 76,5 | 72,5 30, 22 WNW | 1 |Fine. 
167 0 01,0 70% 30, 15 SSW | 1 Cloudy. 0 
b 2 © 76,0 | 74,0 30, 15 W by NI 1 Fine. 5 
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METEOROLOGICAL. JOURNAL 
| for Auguſt 1777. 
| Time. herm. Therm. Barom. Rain. Winds, | 5 
withoitwithin, | |} oo hs „ 
—— — — — — ä Weather. 
= H. M. „ | Inches Inch. | Points. t e 
Aug. 177 62,0 | 71,5 30,14 | NW | 1 Fair. 

2 9 74,0 | 72,5 3310 F- NW II fine. 

| 18] 7 of 62,0 | 69,5 30, | _.| NE | 1 Fair. 
| 2 © 70,0 | 50,5 30, 16 NE | 1 [Fine.. 
19 7 © 59.0. | 66,5 3009 | NE II Fair. 
3 | 2 0 75,0 | 70,0 30, | 8E | 1 Fine. 
| - 20] 7 © 59,0 | 67,0 30, 5 | ENE | x Fine. 
| | 2 0 80, 0 | 70,0 30505 [ | NE | 1 bine. 
1-22] 5 af bg-$. | 08,5 20,63 | [SW by $| 1 Fair. 
| 2 9 68,0 | 69,0 129,78 | SW | 1 |Cloudy.. 
I 22] 7 © 66,0 | 66,0 29,8 [0,062] SW | 2 ine. 
W 2993 | Wby s 2 Cloudy. 
I 2317 61,0 | 65,5 30, [WSW I Fair. 
2 ol 69,0 6,0 (30,12 | SW II air. 
247 0 58,5 | 65,0 30,05 SW | o Fair. 
2 0 74,0 68,0 29,98 SW 2 Fine. 

257 ©| 63,0 | 67,0 29,95 SW | x Coudy. 

J 2 9 74,0 | 79,0 130,03 | SW. | 1 Cloudy. 

267 ©| 64.0 | 69,9. [30,20 | | SW. | 1 Fair. 

2 of 76, | 73,o [20,31 | | SW | x Fair. 

27] 7 © 56,5 | 66,5 30,45. | NE I [rine.. 
| . 2 © 73.0 | 70,0 [30,43 | |} SE | x |Fine. 

28] 7 ©| 59,5 | 66,5 [30,26 | E by S 1 Fine, 

2 0 71,0 | 70,0 [320,14 | | SE 1 iFine. 

29 7 ©| 64,0 | 68,5 29,95 o,o 32 W by S-| 1. Cloudy. 
| 3 ©| 70,0 | 69,0 130,02 | Il No i Fine. 
307 ©| 55,0 | 65,0 29,93 NE | x iCioudy, 
| 2 ©| 59,5 | 66,0 29,73 SdE | 1 Kain. 

31] 7 O 56,0 | 54,5 29, 50 0,585| WNW | 2 air. 
| - | 2. o} Gs | Ga.6 [20,76 | NW | 2 |Cloudy, 
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f METEOROLOGICAL JOURNAL 
N for September 1777. 
| Time. Therm. | Therm. Barom. Rain. Winds. 285 
I withoutſwithin. | 15 
j n 2th — — Was — Weather. 
A. M. 5 inches. | Inch. | Points. Str. 
Sept. 17 60, 5 30, 1 5 W by N| 1 Fine. 
| 2 62,5 30, 12 |WNW| 2 Fair. 
| 2] 7 60,5 29,87 | WSW | 1 |Cloudy. 
| "Im 63,5 [29,83 | [Wby 8s 2 Fair. 
1 97: 59,5 [29,76 o, a NW | 1 Fine. 
[ 1.3: 60, 5 [29,94 | [NNW I Fine. 
M7 59,5 [30,03 o, oN by W 1 Cloudy. 
1 1 61,5 [30,01 NW | 1 Cloudy. 
5 61,5 30, 16 o, 103 NW | 1 Cloudy. 
9 "LS. 63,5 [30,22 NW 1 Cloudy. 
* 6 7 62,0 30, 28 | NW | 1 Fair, 4 
| My | 65,0 30,25 SSW | 1 Fine. 
5 2 | 2 68,0 [30,24 | NE | 2 jFine. "4 
1 8| 7 65,5 30,20 88E 1 Fair. 
{| IS N 09,0 30,18 S by W 1 Fair. "I 
| 97 65.0 30, 13 | S by W I Fine. I 
: . 70,0 30, 15 SW | 1 [Fine. 
5 10 7 60,0 [30,25 | NW I eie. 
| "2 675,0 — f N by W I ine. 
| 11] 7 64,0 30, 33 SW I ͤfkine. 
| ® ® 66,0 [30,29 | NW I Fine. 
335355 64,0 30, 29 'N by E 1 Fair. 
| 7 65,5 [30,32 NE 1 Fine. 
1 63,0 30, 27 NE 1 Fair. | 
| 1 65,0 30,27 NE I Fine. | 
7 61,0 30,25 ENE x bine. | 
BR 02,5 30, 25 ENE 2 Fine. | 
| 7 5575 30,33 NE byN 1 Pine. 
| 2 60,0 30,35 NE | 2 Fine. 
} 7 5350 30, 29 NE | 1 Cloudy. 
1 59,5 30, 22 SW | 1 bine. 
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| METEOROLOGICAL JOURNAL 
| 
1 _—_ September 1777. | 
Time. Therm Therm. — Rain. "Wai Sis — 
N without within. | EF | 
| — CMnaAICE: 2.  ——— Weather, | 
Fr © © Inches. | Inch. Points. Str. [- 
Sept.17] 7 0 47,0 | 54,5 30, 19 5 by W 1 Fine. 
| - :-] 2 Of 68.0 | 6&0 90,09 | | SW 11 Fine. 
1 1 a. Cs 59, 30, 15 0. Cloudy, 
| 2 „5 30,12 SE | 1 bine. 
5 30, 8 Sk | x Pair. 
„ [30,01 | _ SE | 1 Eine. 
20 7 0 30,᷑ ͤ NE 1 Fair. 
| TS © 30,15 | | NE | x Fine. 
) >. [29,96 | | NE | x [Fine. 
| 5 60,5 29,84 NE | 1 |Fine. 
. 29,69 whys I Fine. 
„ 29, [NW | x Fine. 
237 © 29,99 | SSW 1 Fine. 
4 1 * 30,03 DB | NW 1 I Fine. 
"20 7-9 129,97 | ESE | 1 Foggy. 
5 o 29,92 | SW | 1 Fine. 
1 287 © Rn} E by N 1 Fair. 
| * 1 29, 82 . | SW Xt Fine. 
267 © a % | |. SE | x Fine. 
| 12 0 29,71 | BB | 3 |Fane. + 
277 © 29,90 0,220] S by E 1 Pair. 
1 . 29,91 2 1 I Fine. | 
| 287 © —— ð | 1 Cloudy. 
| "12 © 26,00 | EN E | x ine. 
Sa. 29,94 1 NE | s Fine 
| IS 2 30,02 | = Ab: Cloudy. 
I 7 5 (30,10 o, SE | 1 Fine * 
| 3.0 Wo innod {| | $E jo Fw | 
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; METEOROLOGICAL JOURNAL 
IJ for October 1777. 
| Ds 
1 [Time. Therm. Therm. Barom. Rain. | Winds. 
[ [without|witiin, | : 
| — — — — — — — Weather. 
| 11. MJ © - Liaches inch Points. Str.. | 
5 d. I 7 29,74 {0,053] SE | 1 Rain. 
2 29,58 | SE | 1 Rain. 
| 27 29,54 0, 462 S by E 1 air. 
„5 29,59 | NW I bine. 
| „ 20,05 o, 166 W 1 Fair. 
1 2 E 29,75 FF SW | 1 Pine. 
| 47 29,59 [0,017] SW | 2 Rain. 
1 +2 29,6000 | SW | 2 Fair. 
> -. 29,84 o, 1% SW | 2 ine. 
2 29,92 r 
1 8 7 30,03 E by 8 1 Cloudy. 
T - © 29,99 | ESE. 5 Fair. 
I -S © 29,79 |0,014|Sby W| 2 Rain. 
| TS $0.59: | © SW | 2 Rain. 
| 8 7 30,03 S025 W by S | I Pair. 
IS: 30,00 | |WSW | 1 Fine. 
9 7 30,16 | [| SSW 1 Fair. 
| FO 30,14 | 14 Fine. | 
| 10 7 30,08 | | SE | 1 |Cloudy. 
1 29 A nn I 4 ine. 
I1| 7 29,97 1 Fo 
| 2 2 4 by W I Fare?” 
| 7 29,93 | NW I Cloudy. 
| EY: 29,92 | NW | 1 Cloudy. 
| 13 7 -* | 2 N by W 1 Fair. 
4 | N 29,34 E ' NNE 1 1 Fair. 
RE =, 29,75 0,295 NE | 2 Cloudy. 
_ 29,71 | NE 2 Cloudy. 
1 9. 29,54 [0,874] NE | 2 Rain. 
E » 29,00 SE | 1 Cloudy. 
16| 7 29,05 |0,107] SE I 1 4a 
3 EY 129,790 | 8 dy W 1 Fine. 
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METEOROLOGICAL JOURNAL _ 
. for October 1777. | | 


Time. Therm. Therm. Barom. Rain. Windes. 

® without|within. | FE. 5 . 
| — — — 1 Ae Saran an — | Weather. 2 
sches Inch. Points. Str. 
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METEOROLOGICAL IouRNAE. 


for November 1777. 


Therm. Therm. 
without within. | | 


1. — 


arom. 


1 


— — 


LS 


— — | 
Rain. | Winds. | 


* 


Inches 


Inch. 


2 
, 
0 


W 00M COD © (© COD COD CON GON COD COW CON CON COW ON ON D 


6,5 [29,81 
_ [29,86 
_ 139,23 
30,23 
3⁰˙ 
30,17 


5 


429,70 


# 


29,72 


29,1 
; 29,70. 
[29972 


29,77 


30,22 | 
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0,053 SW bW 


| NW-| 
| 8W. | 


v by N 
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METEOROLOGICAL JOURNAL | 
; 
for November 1777. * 
| N 1 
; | ö 
TTime./Therm.|Therm.[Barom. Rain. Wind. 
without|within. | Z | | 
— — — — een ne ena 
fam | — |nches, Inch. Points. Str. 
| 8 of 38,0 | 40,0. [30,35 | Wb N 1 lb 
2 0 50, | 42,0 30, 38 NW 1 [Fi 
8 ol 4135 | 42,0 [30,0 | SW | 1 Fair. 
| 2 O| $2,0 | 44,5 30, 30 « 1 | 1 Fai 
8 q 48,0 | 440 30, 25 {WSW | 1 
2 of 52,5 | 46,5 30, 15 | SW | 1 
8 of 41,5 | 46,5 30, 0 [W by NI i 
2 | 1 my | I 
18 | | 1 
FY : 
[VS :-4 I 
1 I 
8 I 
2 I 
| 8 . 1 
8 1 ai þ 
18: 4 N 
8 1 1 
1 I 1 
LY: I 4 
E 1 ! 
| a | 
& Wo 2 
8 2 
2 3 
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METEOROLOGICAL JOURNAL 
4 for December 1777. 


} 
| 
| 


Time. Therm Therm. Barom. Rain. P 
withoutſwit hin. | oY 
ud | — * .. Ä 7 | * 
| h 1 gu ne —ů—— - eh Weather. 
H. M. j  [Tnches| Inch. Points. Str. 


| 
| 
| 


"_— 


| > co» O O o COD CON CD GON COD COD CID COD OD GON GON o [| 


Pony — 8 


37,5 40,0 29, 50 Fair. 


O00 Q C 
OI 
522 
On 
Va 
© 


[Fair and froſty. | 
_ T7 


—_— ; 


0 1 T 
| O 46,0 | 46,5 29,77 | 1 Fine, | 
| 2 8 9 3995 | 4355 29,61 | | 1 |Fair, 
112 © 45S | 465. 29,83 | | 2 Fine. 
4 3 9 340 40, 5 [29,87 | 1 Foggy. 
4 0 44,0 | 41,5 | 1 Fair. 
48 9 48,0 | 45,0 | 2 [Clondy. 
13 J 42,0 | 44,5 | x Cloudy. 
| $8 0 340 | 3995 1 
4 - 37.0 | 3955 1 air. 
6 1 
'T 
x: 
2 


1m 


© 
Ln 


41,0 | 38,5 0 
35,5 37.5 80, 02. 
40,0 * 30,17 
38,5 30.31 
30,0, | 40,5 30, 44 
29,0 | 36,0 [30,55 | 
40,0 130,54 | 
| | 4325 30,8 
45-9 [3940 | 
| 40,0 130,39 | 
-48,0 130,48 
, 00 


+ 
IT) 
0 


38,0 | 4420 [3 
39.5 | 43-0 130,11 | I 
34,0 | 40,0 130,12 1 Cloudy. 
4 
i 


43,0. | 41,5 30, | NNE | x Cloudy. 
43-5 _1 420 330,07 | | NE II Eine. 
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METEOROLOGICAL JOURNAL 
for December 1777. 
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Errata in the Meteorological Journal for the year 177 F 6 
Vol. LXVII Part I. Page 382: „ 


Rain in January, 1976, for 1,157, read 1,167, | 


——— November, — 1,1917, — 2,191. 


— 20,354. — 21,364 2 


3 


=—— Whole year, 


4 
| 4 C 3 


** * 
* 
* 
— — p 
- WD... 
* | 
2 t 4 
4 . w 2 


ff 


L 


I 
* 


116 * 10 7 
TRANSACTIONS, 


ROYAL SOCIETY 


/ 


VOL. LXVIIL For the Year 1778. 


0 — — 0 


n 


— 


— nt 
— 
—— 
| 
2 
9 
4 IFC. 


L Oo N D o N, 
PRINTED BY J. NICHOLS, SUCCESSOR TO MR, BOWYER ; 
FOR LOCKYER DAVIS, PRINTER TO THE ROYAL SOCIETY. 
MDCCLXXIX., _ 


233;Ü—C᷑⁵ w — — 
a 1 * 


2 ping * 
9232 — — IO 1 — „ 
FRI > n 1 m,. 2 1 


" 
— TH" Ins” "I 


—_— 


VOL. Vm Penn n. 


XXVI. 


LAN Account of the Inand of St. Miguel. By Mr. 
Francis Maſſon, in a Letter to My. William 
| Aiton, Botanical Gardener to His Mae.  Communt- 
cated by Joſeph Banks, Eſq. F. R. S. page 601 
XXVII. An Account of a remarkable Imperfe ion of Sight. 
In a Letter from J. Scott 70 the Rev. Mr. Whiſſon, 
Trinity College, Cambridge. Communicated by the 
Rev. Michael Lort, B. D. F. R. S. NES: 
.XXVIU. An Account of Bapti/ms, Marriages, and Burials, 
during Forty Years, in the Pariſh of Blandford Forum, 
Dorſet. Communicated by Richard Pulteney, M. D. 
F. R. S. „ 
XXIX. Part of a Letter from Matthew Guthrie, M. D. of 
| Peterſburg, 70 Dr. Prieſtley, F. R. S. on the Antiſep- - 
lic Regimen of the Natives of Ruſſia. p- 622 
XXX. Afronomical Obſervations made in the Auſtrian 
Netherlands in the Tears 1773, 1774, and 1775. By 
Nathaniel Pigott, E/q. F. R. S. Foreign Member of the 
4 Acaden ies 


XXXI. Obſervations on the Scurvy. By Charles De Mer- 


1 CONTENTS. 


Academie of Bruſſels and Caen, and Correſpondent of 
the Royal Academy of Sciences at Paris. p. 637. 


tans, M. D. Dated Vienna, Jan. 14, 1778. p. 667 
XXXII. Compariſon between Sir George Shuckburgh and 
Colonel Roy's Rules for the Meaſurement of Heights with 
the Barometer; in a Lett er to Col. Roy, F. R. S. from 
Sir George Shuckburgh, Bart. F. R. Ss. P. 687 
XXXIII. An Account of the Calculations made from the 
Survey and Meaſures taken at Schehallien, in order to 
aſcertain the mean Denſity of the Earth. By Charles 
Hutton, E/q. F. R. S. . ——_—_ 
XXXIV. An Account of the Blue Shark, togetber with 
>= M Drawing of the ſame. By W. '. Watſon, Jun. M. D. 
„„ ” P. 7 89 | 
XXXV. A Deſcription of the Exoccetus Volitans, or Fly- 
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1778 HAVE viſited the greateſt parts of this 
177 . 


iſland, and find that its productions differ 
greatly _ thoſe of Madeira, inſomuch that none of 
the trees of the latter are found here, except the faya- it 
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has a nearer r affinity to Europe than Africa. The moun- 
tains are covered with the erica vulgaris, and an elegant 
ever- green ſhrub very like a Pbill /yrea, which gives them 
a moſt beautiful appearance. Notwithſtanding this 
iſland has been frequently viſited by Europeans, I cannot 
help communicating to you a few of its ſingularities. 
It is one of the principal and moſt fertile of the Azo- 
Tian iſlands lying nearly Eaſt to Weſt; its length is about 
eighteen or twenty leagues; its breadth unequal, not ex- 
ceeding five leagues, and in ſome places not more than 

two. It contains about eighty thouſand inhabitants. 
Its capital the city of Ponta del Guda, which contains 
about twelve thouſand inhabitants, is ſituated on the 
south: ſide of the iſland, on a fine fertile, plain country, 
pretty regularly built; the ſtreets ſtrait, and of a good 
breadth. It 1s ſupplied with good water, which is 
brought about the diſtance of three leagues from the 
neighbouring mountains. The churches and other 1 re- 
g ligious edifices are elegant and well built for ſuch an 
iſland. There is a large convent of Franciſcan friars 
and one of the order of St. Auguſtin, four convents for 
profeſſed nuns, and three Recolhimentos for young wo- 
men and widows who are not profeſſed. The veſſels 
anchor in an open road; but it is not dangerous, as no 
Es wind 
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wind can prevent their going to ſea in caſe of ſtormy 
weather. 

The country round. the city 1s plain for ſeveral miles, 
well cultivated, and laid out with good taſte into ſpacious 
fields, which are ſown with wheat, barley, Indian corn, 
pulſe, Kc. and commonly produce annually two crops; 
for as ſoon as one is taken off, another is immediately 
ſown in its place. Ihe ſoil is remarkably gentle and 
eaſy to work, being for the moſt part compoſed of pul- 
verized pumice ſtone. 'T here are in the plains a number 
of pleaſant country ſeats, with orchards of orange trees, 
which are eſteemed the beſt in Europe. 5 


The ſecond town is Ribeira Grande, ſituated on the . 


North- ſide of the iſland, containin & about as many in- 
habitants as the city; a large convent of Franciſcan | 
friars, and one of nuns. It gives title to a count, 
called the Conde Ribeira Grande, who firſt inſtituted 
linen and woollen manufactories! in the iſland. 
The third town is Villa Franca, on the South-ſide of 
the illand, about ſix leagues Eaſt of Ponta del Guda, It has | 
a convent of Franciſcan friars, and one of nuns, which 
contains about three hundred. Here, about half a mile 
from the thore, lies a ſmall iſland (IIhao) which is hol- 
low in the middle, and contains a fine baton with 
only one entrance into it, fit to hold fifty {ail of veſſels 
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ſecure from all weather; at preſent it wants cleaning out, 


as the winter's rain waſhes down great quantities of earth 


into it, which has greatly diminiſhed its depth. But 


veſſels 9 anchor between this ifland and the 
main. . 


Beſide theſe towns are ſeveral ſmaller, v. Alagoa, 


Agoa de Pao, Brelanha, Fanaes de Ajuda, and a number 
of hamlets, called Lugars, or Places. 


About four leagues North-eaſt from Villa Franca lies 


— place called the Furnas, being a · round deep valley i in 
the middle of the Eaſt part of the ifland, farrounded 

with high mountains, which, thongh _ may be eaſily 
aſcended on horſeback by two roads. The valley Is 

| about five or fix leagues in circuit, the face of the moun- 

: tains,, which are very ſteep, i is intirely covered with beau- 
 tiful ever-greens, v/2. myrtles, laurels, a large ſpecies of 
 bilberry, called oa de ſerra'”, &c. and numberleſs rivu- 

lets of the pureſt water run down their ſides. The valley 
below is well cultivated, producing wheat, Indian corn, 
flax, &c. The fields are planted round with a beautiful 

_ fort of poplars, which grow into pyramidal forms, and 


by their careleſs, irregular diſpoſition, together with the 
multitude of rivulets, which run in all directions through 
the valley, a number of boiling fountains, throwing up 


(a) Mountain grapes. 
clouds 
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clouds of ſteam, a fine lake in the South-weft part about 
two leagues round, compoſe a proſpect the fineſt that 
can be imagined. In the bottom of the valley the roads. 
are ſmooth and eafy, there being no rocks but a fine 
pulverized pumice ftone that the earth is compoſed of. 

There are a number of hot fountains 3 in different parts 
of the valley, and alſo on the ſides of the mountains: 
but the moſt remarkable 18 that called the Caldeira, 
fituated in the Eaſtern part of the valley, on a ſmall emi- 
nence by the ſide of a river, on which is a baſon about 
thirty feet diameter, where the water continually boils 
with prodigious fury. A few yards diftant from it is a 


in a dreadful manner, throwing out a thick, muddy, 
unctuous water ſeveral yards from its mouth with a 
hideous noiſe. 


In the middle of the river are ſeveral ” 
places where the water boils up fo hot, that a perſon « can- 
ey not dip his finger into it without being ſcalded; alfo 
n, along its banks are ſeveral apertures, out of which 
ub the ſteam riſes to a conſiderable height ſo hot that 
d there is no approaching it with one's hand: in other 
places, a perfon would think, that a hundred fmiths 
bellows were blowing altogether, and ſulphureous fteams. 


iffuing out in thouſands of places, ſo that native ful phur 


15 found! in every chink, and the ground covered with it 
hike 


cavern in the ſide of the bank, in which the water boils. 
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like hoar froſt; even the buſhes that happen to lay near 


theſe places are covered with pure brimſtone, condenſing 
from the ſteam that iſſues out of the ground, which in 


many places is covered over with a ſubſtance like burnt 


allum. In theſe ſmall caverns, where the ſteam iſſues 
out, the people often boil their yams (inbames). 
Near theſe boiling fountains are ſeveral mineral 
ſprings; two, in particular, whoſe waters have a very 
ſtrong miners] quality, of an ad, taſte and bitter to the 
tongue. | | | | 
About half a be to the Weſtward, ns cloſe ww the 
river ſide, are ſeveral hot ſprin gs, which are uſed by ſick 


| people with great ſucceſs. Alſo on the ſide of a hill, 
Weſt of St. Ann's church, are many others, with three 
6 bathing houſes, which are moſt commonly uſed. Theſe 
waters are very warm, although not boiling hot; but at 


the ſame place iſſue ſeveral ſtreams of cold mine- 
ral water, by which they are tempered, according to 
every one's liking. : 5 
About a mile South of this place, and. over a low ridge 
of hills, lies a fine lake about two: leagues in circumfe- 
rence, and very deep, the water thick, and of a greeniſh 
colour. At the North-end 1s a plain piece of ground, 
where the ſulphureous ſteams ifſue out in many places, 
attended with a ſurprizing blowing noiſe. I could ob- 
ſerve 


6 


Ve 
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ferve ſtrong ſprin 85 in the lake, but could not determine 
whether they were hot or cold: this lake ſeems to have 


no viſible evacuation. 


The other ſprings immediately 


form a conſiderable river, called Ribeira Quente'”, which 


runs a courſe about two or three leagues, through a deep 
rent in the mountains, on each ſide of which are ſeveral 
places where the ſmoak iſſues out. It diſcharges itſelf 
into the ſea on the South ſide, near which are ſome 
places where the water boils up at ſome diſtance in the 
1 e 
This wonderful place had been taken little notice of, 
until very lately; : fo little curioſity had the gentlemen of 
the iſland, that ſcarcely any of them had ſeen it, until of 
hte ſome perſons afflicted with very virulent diſorders, 
were perſuaded to try its waters, and found immediate 
relief from them. Since that time it has become more 
and more frequented; ſeveral perſons who had loſt the 


WU uſe of their limbs by the dead palſy have been cured; 


and alſo others Who were troubled with eruptions on 
their bodies. es 
A clergyman, who was greatly afflicted with the gout, 
tried the ſaid waters, and was in a ſhort time perfectly 
cured, and has had no return of it ſince. When I was 
there, ſeveral old gentlemen, who were quite worn out 


(b) Hot river, 
<6 M9 


ame virtues, at leaſt not in ſo great a degree. 
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with the ſaid diſorder, were uſing the waters, and had re- 
ceived incredible benefit from them; in particular, an 
old gentleman, about ſixty years of age, who had been 
tormented with that diſorder more than twenty years, 
and often confined to his bed for ſix months together: 

he had uſed theſe waters about three weeks, had quite 
recovered the uſe of his limbs, and walked about in the 
1 greateſt ſpirits imaginable. A friar alſo who had been 
troubled with the ſaid diſorder about twelve years, and 
reduced to a cripple, by uſing them a ſhort time was quite 
well, and went a hunting every day. There are many 
other inſtances of the efficacy of theſe waters, which, 


for the ſake of brevity, I muſt here omit. 
There are ſeveral other hot ſprings in the illand, par- 
ttſcularly at Ribeira Grande; but they do not e the 


The Eaſt and Weſt part of the iſland riſes into high 
mountains; but the middle is low, interſperſed with 
round conic hills, all of which have very recent marks 
of fire; all the parts below the ſurface — of 
4 melted lava laying very hollow. = 
| Moſt of the mountains to the Weſtward how their 
tops hollowed out like a punch-bowl, and contain water. 
Near the Weſt end | is an immenſe deep valley, like the 

F urnas, 
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70 


Furnas, called the Sete Cidades““. This valley is ſur- 
rounded with very abrupt mountains, about ſeven or 


eight leagues round; in the bottom is a deep lake of wa- 


ter, about three leagues in circuit, furniſhed with great 


number of water fowl. This water has no mineral 
quality; neither are there any hot ſprings in the valley. 
All theſe mountains are compoſed of a white crumbly. 
pumice ſtone, which is ſo looſe, that, if a perſon thruſt a 
ſtick into the banks, whole waggon loads of it will tum- 
ble down. The inhabitants of the iſland relate a ſtory, 
that he who firſt diſcovered it obſerved an extraordinary 
high peak near the Welt-cnd; but the ſecond time he 
viſited it no ſach peak was to be ſeen, which he ſup- 


poſed muſt have certainly ſank; but, however improbable 
this ſtory may be, at ſome period or another it muſt have 
certainly been the caſe. 


If you ſhould think the account of the mineral waters i 
of any ſervice to the public, they are very welcome to it; 
and, ſhould any perſon venture ſo far for his health, * 
mall ſtock of the ſuperfluities of lite only need to be 

laid in, as the iſland yields every neceſſary. The climate 


is very temperate: the thermometer ſince I have been 
here has been no higher than 77 , commonly from 70 


to 7 5e. 


(c) Seven Cities. 
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I have ſent you twelve or thirteen bottles as a ſpeci- 
men, which are as follows: t 

Ne x. From a cold fountain giving a ſtrong acid wa- 
ter, lying South-eaſt from the boilin g Caldeira. 

Ne 2. From a ſtrong cold mineral fountain, about 


twenty) yards nearer the Caldeira. 


Noe 3. From a cold mineral ſpring in the valley of 


Foze de Pont. 


Ne 4. A hot mineral water, from the bathing place 


near the river. 


Ne 5. A hot mineral water, from the upper bathin ng 


N. 6. From the great Gan 
No 7. From a thick boiling fountain near the Cal- 


deira. 


Alſo earth from all theſe fountains, with their « cor- 
reſ pondin g numbers. 


t 
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XXVII. An Account of a remarkable Impes fection of Sight. 
In a Letter from J. Scott to the Rev. Mr. Whiſſon, 

of Trinity College, Cambridge. Communicated by the 
Rev. Michael Lort, B. D. F. R. S. 


TO SIR JOHN PRINGLE, BART. P. R. 8. 


5 | O!4 Bond Kſti t, 
8 I X, 5 1 April 4, 1778 
Read April , 'ÞF RIEND of mine, the rev. Mr. wa1s- 


: 8. 
— sox, of Trinity College, Cambridge, 


being . with a gentleman i in Lincolnſhire, who 


labours under an inability of diſtinguiſhin 8 colours ſimi- 
lar to that of which an account is given in the laſt vo- 


lume of the Philoſophical Tranſactions, did write to him 


for ſome particular information concerning this infir- 
mity. The anſwer which Mr. WHISSON received I have 
now, by his permiſſion, the honour of tranſmitting to 
you, to be communicated to the Royal Society, if you 
mall think it worthy their attention. 


I am, &c. 


MICHAEL LORT. 


4 F 2 | TO 
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ro THE REV. MR. WHISSON.. 

REV. SIR, b un 56, 177 
1 RECEI VED your five | in due time. I ſhould 
have given you my anſwer ſooner, but have been oreatly 
afflicted with the gout. 1 am very willing to inform 
you (and take your inquiry as a favour) of my WOE | 
concerning colours, as far as I am able from my O 

common obſervation. 


It ĩs a family failing: my farher has exactly the ſame 
impediment: my mother and one of my ſiſters were 
perfect i in all colours: my other fi ſter and myſelf alike 
imperfect: my laſt mentioned ſiſter has two ſons both 
imperfect; but ſhe has a daughter who is very perfect: 
; I have a ſon and daughter, who both know all colours 
|; without exception; and ſo did their mother: my mo- 
wn ther's own brother had the like impediment with me, 


| : though my mother, as mentioned above, knew all co- | 
1 lours very well. 


5 | Now I will inform you what colours I have the leaſt 
6 knowledge of. I do not know any green in the world; 
a pink colour and a pale blue are alike, I do not know 
one from the other. A full red and a full green the 


ſame, 
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ame, I have often thought them a good match; but 
rellows (light, dark, and middle) and all degrees of blue, 
except thoſe very pale, commonly called ſky, I know 
perfectly well, and can diſcern a deficiency, in any of 
thoſe colours, to a particular nicety: a full purple and 

deep blue ſometimes batile me. I married my daugh- 
ter to a genteel, worthy man a few years ago; the day . 
before the marriage he came to my houſe, dreſſed in a 
new ſuit of fine cloth cloaths. I was much diſpleaſed that 


ne ſhould come (as I ſuppoſed) in black: ſaid, He ſhould 


go back to change his colour. But my daughter ſaid, 
No, no; the colour is very gentee]; that it was my eyes 5 
that deceived me. He was a gentleman of the law, in a 
fine rich claret- coloured dreſs, which 1 is as much a black. 


to my eyes as any black that ever was dyed. She has 


been married ſeveral years; no child living, and my ſon 
18 unmarried; fo how this impediment may deſcend from N 
me is unknown. 
I have a general good ſatisfaktion in the midſt of this 
my inability; can ſee objects at a diſtance when I am on 
travel with an acquaintance, and can diſtinguiſh the ſize,, 


figure, or ſpace, * to moſt, and I believe as quick, 


colour excepted. 


My 6 


G14. Account of an Tmper fection of Sight. 

My buſineſs was behind a counter many years, where | 
I had to do with variety of colours. I often, when alone, | 
met with a difficulty; but I commonly had a ſervant in 
the way to attend me, who made up my deficiency. 1 


have been now ſeven years from trade. My eyes, thank 
God, are very good at diſcerning men and things. 5 

If your learned Society can ſearch out the cauſe of 
this very extraordinary infirmity, and find a method for 
an amendment, you will be ſo obliging to acquaint me. 


I am, &c. 


J. SCOTT. 


1 


XXVII. An Account of Baptiſins, Marriages, and Burials, 
during F orty Years, in the Pariſh of Blandford Forum, 
Dorſet. Communicated by — Pulteney, M. D. 


F. R. S. 


1 
Read Mar. 19, 


pry 8 the ſubjects of the following tables 
1778, 


have been much diſcuſſed of late, I 
take the Many of putting theſe into your hands, encou- 
raged thereto by your aſſurances, when I had the plea- 
fure of ſeeing you laſt in town, that they might not im- 
properly be laid before the Royal Society. If upon in- 
ſpection you ſhould continue to think ſo, you will dor me 
the honour of preſenting them. 

Exdluſive of general curioſity, I was alſo induced to 
examine the regiſter of this place, in order to determine 
| how far the general opinion, which gives the credit of 
extraordinary ſalubrity to this country, was founded on 
fact, as far as that could be proved by this mode of exa- 
mination. I found that the regiſter had been kept with 
ſufficient 
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.ufhcient accuracy in the uſual method; that, ſince the 
recovery of this place from the dreadful fire of 17 31, 
| ſcarcely any new houſes had been built, at leaſt on any 
new ſite; that no fluctuation in the number of inhabi- 


tants from the introduction of any new manufactory, or 
from any other apparent cauſe, had taken place; and was 
therefore led to conclude, that the reſult might prove 
A tolerably fair one, and more eſpecially upon finding | 
the exceſs of the baptiſms above the burials o ſmall as it 7 
appears to be. | 
In the year 177 3, when theſe tables were drawn up, ; 
1 alſo procured the number of the People to be taken; : 
by which it appeared, that there were 446 families, 
reckoning a Wor khouſe of 44 perfons, and three ſchools 
containing 92, as four families only, which gives nearly 
- 47 to a family. T he whole number of fouls 4 in the pariſh 
| was found to be, males 1 174, females 9 36, total 2110; 
but it muſt be remarked, that in this number were not 
included any of the inhabitants of the cloſe adjoining 
villages of St. Mary, Blandford; Brianſton, or Langton. 
From an inſpection of table the firſt it will be ſeen, 
that 55; is nearly the average of deaths for / 40 years; 
and the average of the laſt ten years will appear to be 
54: hence, taking 55 for the average number, which 


alſo will be ſeen to be the exact number of burials in the 
year 
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year preceding that of the ſurvey, it will be ſeen that 
about 1 in 38 or 39 dies yearly; and, as it can ſcarcely 
be doubted, that the errors of a ſurvey muſt be on the 
ſide of omiſſion, it may not be too much to allow 1 in 
39 only. TD T 

From this reſult, therefore, it is manifeſt, that al- 
though the ſalubrity of this place does not equal what 
we read of ſome particular villages i in the North of Eng- 


It land, or of the diſtrict of Vaud, yet it turns out very 


much in favour of the general opinion, and very far 
beyond that of London and larger towns, where the 
number is found to be from I in 20 to I in 26 or 28. 


| I am, &c. 


Dr. PULTENEY's Account of the 


TABLE 1. A table of the baptiſms, marriages, and burials, 
during forty years, in the pariſh of Blandford Forum, 


Baptiſnis, | Burials, 
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the baptiſms will amount to 2454. 
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Baptiſm, Nc. ar Blandford Forum. 

Total baptiſms, - Marriages, | & Total burials, 
Males 1133 832 Males 1099 
Females 1 ros 5 Females 1132 

= 2175 | e 22317 


— 


The baptiſins among the Diſſenters are brought into 
this account only during the laſt ten years, males 39, 
females 54, total 93: if therefore the ſame proportion 
is taken for the firſt-three decennial periods, the total of 


un. yours, of which aper d died as under- 


160 


In the year 1 7 5 6, among the burials, I 8 were of ſol- 
diers, who died during the time of the encampment. 

This table does not include the cloſe adjoining villages 
of Langton, * and Blandford St. Mary. 
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TABLE 11. The annual average of baptiſms and burials 
in the four decennial periods of the foregoin g table, 
taking among the baptiſms 93 in each period for the 
number among the Diſſenters, which appeared to be 
N the exact number e in the fourth period. 


Annual average of the baptiſms in we ] 


Hirſt ten years, 694 
—— ſecond ten years, 604 
— third ten years, 5875 
fourth ten years, 575 18 


in the 40 years, 5 614 


The . at vaprins over the burials in- fore 


: years, 223. 


695 


6085 


583 


1 


2454 


firſt ten years, 
— ſecond ten years, 
| —— third ten years, 


| 
17H 


In the 40 years, g 


|| Annual average of the —_ in the 


1 e 


35090 

2 485 
614. 615, 
54 $41 
Ss 2231 


TABLE 
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TABLE 111. Shewing the whole number of burials in 
each month, and each quarter of the year collectively 
throughout the whole of the above period,, diſpoſed 

in two columns, in the latter of which, thoſe who 
died of the ſmall-pox are excluded ſerving to illustrate 
the different ſalubrity of the ſeaſons. 


Winter. 1 1 Summer. 


Panuary 220 204||July 146 145 
WFebruary 218 200 Auguſt 144 146 
March 22 23 195 September 16 5 162 


——— 


4 „ 899 455 451 
. 

" 19 3 i 170 | October 172 171 

May 218 184 November 174 170 

une 190 166 [| December 168 160 


55 52 . 514 501 
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XXIX. Part of a Letter from Matthew Guthrie, M. D. of 
Peterſburgh, 70 Dr. Prieſtley, F. R. S. on the Antiſep- 
tie Regimen of the Natives of Ruſſia, 


EADING the other day the elegant 
oration of Sir JOHN PRINGLE, -On the 
great merit of f Captain COOK, for which old Rome would ] 
have loaded his ſhip with civic crowns, one part of the : 

learned prefident's diſcourſe drew my attention in parti- 
cular, as it regarded this country, and touched upon all 

ſubject which I have long paid attention to, vis. the an- 
tiſeptic regimen which nature has dictated to the pea- 
ſants of this empire. Nothing ſeems clearer to me than 
that, if nature had not tanght theſe people habits, and 
given them a taſte which galloping travellers treat with 
contempt, they muſt undoubtedly have ſunk under the : 


Read April 30, 
1778. 


ſcurvy, as they are, for the greateſt part of the year, ex- 
poſed to the influence of thoſe pre- diſpoſing cauſes to ; 
putrid complaints that make the body of the Greenland ] 
ſeaman livid; yet under all theſe diſadvantages ſuch 
ſeems to be the efficacy of the regimen they obſerve, 
that putrid diſeaſes are ſtrangers to their huts, and the 

$-—- | Ruffian 
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Ruſfian boor enjoys a ſtate of health that aſtoniſhes an 
inhabitant of a country where the dreadtul conſequences 
are fo well known of bad air within, exceſſive cold 
without, joined to a want of freſh vegetables for a length 
of time. 1 think you will by no means have your reſpect 
diminiſhed for the late diſcovered antiſeptic agent, v hen 

I have given in detail the multitude of enemies it has to 
encounter, in preſervin g from putrid attacks the bodies 
Jof the people I am treating of. 
The Ruſſian boor lives in a wooden houſe, made with 
his own hatchet, his only inſtrument, i in the uſe of which 
he 1 is moſt dextrous: it is caulked with moſs, ſo as to be 
a very ſnug and cloſe. It is furniſhed with an oven, which 
anſwers the triple purpoſe of heating the houſe, drefling 
the victuals, and ſupporting on its flat top the greaſy mat- 
traſs on which he and his wife lie. From over the oven, 
which is on one fide of the room, are laid ſome boards 
reaching to, and ſupported by, the oppoſite wall, raiſed a 
little above the ſtove, ſo as to receive its heated air. On 
thoſe ſleep the children and ſecondary perſonages of the 
hut; for the oven itfelf 3 15,2 luxury reſerved for the firſt. 
| Round the oom runs a bench with a table in the middle, 
and in the corner is a ſort of cupboard for the reception 
of ſaints, before whom ſmall tapers frequently burn, or 
a lamp with hemp oil. Durin ig the long ſevere winter 
ſeaſon, 
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Feaſon, the cold prevents them from airing this habita- 


tion, ſo that you may eaſily conceive, that the air cannot 


be very pure, conſidering that four, five, or ſix people eat 
and ſleep in one room, and.undergo, during the night, a 
moſt ſtewing proceſs from the heat and cloſeneſs of their 


ſituation; inſomuch that they have the appearance of 


being dipped i in water, and raiſe a ſteam and ſmell in the 
room, not offenſive to themſelves, but ſcarcely ſupporta- 
ble to the perſon whom curioſity may lead thither. 


Now if it be conſidered, that this human effluvium 


muſt adhere to every thing in the room, eſpecially to the 


ſheep ſkins or mattraſs on which they ſleep, the moſs in 


the walls, &c. and that the apartment is never ventilated 
for ſix months at leaſt; at the ſame time that theſe people ; 
are living occaſionally upon falt fiſh or meat, and the 3 
whole time without freſh vegetables, expoſed likewiſe 


when out of. doors:to a ſevere cold. atmoſphere, the ſcor- 


. butic tendency of which 1 18 well known: I ſay, when all il 
theſe circumſtances are taken into conſideration, if it be ! 
a fact that. they are, in ſpite of all thoſe pre- diſpoſing | 


cauſes, ſtrangers to putrid diſeaſe, it will ſufficiently juſ- 


tify my firſt aſſertion, that the regimen nature has 


dictated to theſe people is moſt highly antiſeptic, and it 


may be doing ſervice to mankind to deſcribe it minutely. 
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This I ſhall endeayour to do, and it will probably give 
pleaſure to thoſe gentlemen, who have preſcribed the 


new regimen to the Britiſh navy with ſo much ſucceſs, 
to have the evidence of ſome millions to prove, that they 


bvave actually hit upon the very ſecret by which nature 


defends her creatures, in thoſe countries where it is ne- 
ceſlary, from the very diſeaſe which has been the ſcourge 


of the nobleſt naval eſtabliſhment that wer the world 


ſaw. N. ay, one would think that the diet theſe peo- 
ple uſe had been dictated by modern philoſophy 5 or ra- 


ther that your Preſident, your MACBRIDE's, &c. had 


ſtudied at this ſchool; for almoſt every thing they uſe 
ſeems to be of that kind which the fortunate attention to 


be indulged in a triumph; and I really think your lords 
of the admiralty ought in gratitude to erect ſtatues to 
the induſtrious and ſucceſsful proſecutors of that noble 
and uſeful ſtudy. 

The only part of the food of our N orthern people, 
that does not come under the deſcription given, is ſalt 
meat and fiſh; the latter they eat during their faſts 
where freſh fiſh cannot be procured, at leaſt not upon 
terms that ſuit their circumſtances; and there are alſo 
ſome places where the ſcarceneſs of fodder during the 
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the antiſeptic qualities of fixed air has recommended for RL 
medical uſe. Here the experimental philoſopher may 


ditional leaven of putridity by mixture with their prepared 


ration, which I ſhall, particularly deſcribe, and what in 
to throw ſome additional light upon the new antiſcor- 


in hopes that ſome of the many diſhes I ſhall deſcribe of 


to contribute to the preſervation of the lives of the gal- - 
lant corps of men that enables us to plant our cabbages | | 
in ſafety at home, 1 ſhall think my trouble well re- 
: warded. I 


into the compoſition of moſt of the Ruſſian ſoups, is 


tit, that it becomes unneceſſary to do more than juſt give 
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winter obliges them to live much upon ſalt meat; yet in 
all theſe cafes they manage to correct the action of this ad- 


vegetables, in ſuch a manner as to clude its baneful effects, 


which furniſhes me with another corroborating proof of 
the powerful antiſeptic qualities of this mode of prepa- 


fact is the main purpoſe of this paper, in hopes thereby 
butic ſyſtem which cannot be too well underſtood, and 
a ſimilar nature with your four cabbage now in uſe in | 


the Britiſh navy, may be thought worth a Place i in your 
marine antiſcorbutic bill of fare; and if I am ſo happy as 1 


One of their principal articles of food, and what enters 


their ſour cabbage, which you are already ſo well ac- 
quainted with, both as to the preparation and qualities of 


it the firſt place in detailing their antiſcorbutic diſhes, 


which it certainly merits. 
6 The 


of the Natives of Ruſſia. 3 627 
The ſecond capital article is called quaſs, a nun 


which not only ſerves them for drink, but alſo as ſauce 


to a number of diſhes, eſpecially to ſuch as have a ten- 
dency to bring on the diſeaſe which their ſituation 
threatens, and is the baſis of the favourite cold ſoup of 
the North, which is made by addin g cold meat cut in 
pieces with cucumbers (prepared after a manner to be 
deſcribed in the ſequel) or with onions, or garlick, to a 


bowl of this ſub-acid liquor. This ſeems to be a good 


method of qualifying and eating ſalt meat to thoſe that 
are fond of the acid taſte, and ſhould make the proceſs 
in the ſtomach very different from what we muſt ſup- 


poſe i 18 the caſe when alt. beef i 1s eaten off 6 biſcuit, ac- 
companied with nothing but what ſerves for a plate, or 5 


the ſuet pudding of the navy, judging from ſome expe- 
riments I have made i in the ſtile of Dr. MACBRIDE' 8 ali- 
mentary mixtures. 


The manner of preparing the common Ruſs quaſs. 


They take a large potful of cold water, and put into 
it as much rye-flour as will make a thin dough: they 
then place it in an oven, moderately heated, for three 
hours, at which time they take it out, and throw it into 


2 tub of cold water: this mixture they work until it 


4H 2 froths 
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froths with a machine reſembling the ſtaff of a chocolate 
pot, but larger. To this liquor, thus prepared, is added 
a couple of ſlop- baſons full of the grounds of old quaſs, 


leaven or, if theſe are not to be procured. which can ſcarce 


happen in Ruſſia, they uſe as a ferment a piece of their 
ſour bread, and cover the tub with a cloth to keep out 
the duſt, until the liquor has acquired a ſouriſn taſte, 
which marks its being ready for uſe. However, this de- 
pends upon the temperature of the weather, as it ac- 
quires the neceſſary acidity ſooner or later, according to 
the ſeaſon or degrees of artificial heat that is employed. 
This liquor the pooreſt of the people drink as they draw 
it from the tub or caſk where it is kept for uſe; but 
there i is a ſuperior kind of quaſs, which the better ſort 
of people make and bottle for their common uſe; indeed 
people of the 2 rank love and uſe it t conſtantly. 


The better fort of Waſs, or Keefla Stchee. 


| They take one pood (thirty-ſix pounds Engliſh) of 
rye, flour, or meal, and half that quantity of ground 


malt, and put them into a tub made for the purpoſe with 
a cloſe cover, pouring a kettle-full of ſcaldin g water, 
ſtirring with a ſtick as they pour, and then cover it cloſe 
up for an hour; at the expiration of which time they add 


boiling 


of the Natives of Ruſſia. 629 
zoiling water in the ſame manner as before, until it be- 
comes as thin as ſmall-beer. The tub is then placed in 
a cool ſituation for ſome hours, the cover being kept half 
open with a ſtick; then the liquor is paſſed through a 
fieve into a caſk, and two baſons full of old quaſs, or the 
ſubſtitutes mentioned in the laſt receipt, are added, and 
the veſſel placed in a cellar or cool ſituation for ſive or 
fix days, until it acquires the ſub-acid taſte, when it is fit 
for bottling. 5 5 

Here ſeems to be an elegant improvement of Dr. A- 
BRIDE'S infuſion of malt, for the acidulous taſte makes it : 
highly palatable and refreſhing , and probably th ere. may 


t be a virtue in this ſpecies of acidity, which is perhaps the 
t only ching that the ſweet infuſion wants, to give it all 
dme antiſcorbutic qualities of your ſour krout, &c. as it 


alſo abounds in the antiſeptic fluid fixed air which re- 
commends the other for medical purpoſes, and particu- 
larly as an antiſcorbutic; at the ſame time that the fer- 
mentation is permitted to run on until it acquires the 


acid taſte which | obſerve every one of the efficacious 
d vegetable preparations uſed in the N orth is poſſeſſed of, 
hand what nearly ſeems to be the ſecret alone by which 


theſe people preſerve them for a length of time, and put 
e mem upon an equality with freſh vegetables, as one 
d would be led to think by their ſalutary effects. 
4 The 
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warm milk, water, and a baſon full of grounds of quaſs, 
or leaven, as will make a thin dough, and beat it up for 


more meal by degrees, working it up at the ſame time 


time they throw i in a proper quantity of ſalt, and work 
it with the hand into a proper con fiſtence for bread (they i 
think the longer this laſt operation is continued the ; 
better) then they place it before the fire until it riſes 
when it is cut into loaves, and returned once more into f 
the warm place where it before ſtood, and kept there for 
an hour before the laſt part of the . the on | 


630 Dr. GUTHRIE on the Antiſeptic Regimen 
The very bread that our people make uſe of has alſo 


acquired this acidity before it is judged wholeſome, and 
adapted to their conſtitutions, 


The manner of mating the Ruſfian rye bread. 


In the morning they mix as much rye flour with f 


half an hour with the chocolate ſtaff before deſcribed; ; 
this they ſet i in a warm place till might, then they add 


with th e ſtaff, until the dou gh becomes Riff. They then f 
return it to its warm ſituation until morning, at which 


which compleats it. 
For ſea proviſion they cut the ſame ſour dough into 
biſcuits or ruſk, and dry them in the oven. This, I am 


told by very intelligent ſea officers, makes a moſt uſeful 
and 
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and wholeſome article of food, ever at hand to qualify 
che ſeamen's {alt proviſions, which they commonly eat in 
form of brothin the Ruſhan' navy, with the addition of 
this bread, which 1s put in as we do the white bread 1 in 
our ſoups of that namę, or they take off the ſaltneſs of 
their ſea beef by making it into ſoup w ith their pre- 
pared vegetables; but never ſuffer their ſailors to eat it 
dry as they call it, being of opinion that it promotes the 
ſcurvy in the fleet. . 
This ruſk alſo not only anſwers the common purpole 8 
of bread, but when thrown into warm water produces 


of ground malt: : and I am likewiſe told, that they put 
this laſt article into the ſour dough, with which they | 


rk make a ſort of ruſk for the purpoſe of quaſs alone. 
e) ; There are prepared cucumbers whach are eaten w ith 
he meat in this country, and the people are remarkably 


fond of them. They are called ſalted cucumbers, as ſalt 
is the principal ingredient uſed in the preparation; but 
they have the ſame ſouriſh taſte ſo often mentioned, and 
ſeem to have their ſhare alſo 1 in the merit aſcribed to the 
regimen at large. 


their favourite liquor quaſs, with or without the addition 
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The manner of preparing the Ruflian /alted cucumbers, 


They put any quantity of cucumbers into a caſk, and 
as much cold water as covers them, with four or five 
handfuls of ſalt, ſome oak and black currant leaves, ſome Y 
_ dill and garlick. They then ſet the caſk into a cool 

place for about forty-eight hours, until the liquor taſtes 
ſouriſh, when they pour it off from the cucumbers into 

a pan, and add to it four or five handfuls of falt, then 
boil it for about fifteen minutes, and when cold return it 
into the caſk to cover the cucumber, which they now 
bung up for uſe, and place i in the cellar, where they be- 
come criſp and fit to be eaten in three or four days, and 
are counted a luxury by their admirers, amongſt which W 
number I cannot reckon myſelf; however, this 1 is a mat- 
ter of palate. : 
To conclude this ſabject, there are Rill a few other , 
diſhes to be mentioned that ſeem to have the ſame ten- : 
dency 28 theſe already deſcribed: : vis. what is called 
ſooins in Scotland, and much uſed by the common peo- 
ple there. It is an infuſion of oat-meal bran in warm 
water, left to ferment until it acquire the ſouriſh taſte, 
and then ſtrained and boiled to a conſiſtence. Another 
of their diſhes is compoſed of rye-meal, ground malt, 
and 


9 
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and water, as thick as cream, which is placed all night in 
the oven, previouſly heated to a moderate degree, and in 
the morning a piece of ſour rye bread is added to effect 
their favourite end, and the meſs eaten when cold. 
Horſe-radiſh they dry in the oven and keep all win- 
ter, which they powder, when and mix W ith 
vinegar to eat with ſalt fiſn. 
Turnips they preſerve during the winter in Wo. fc 
F theſe N 


put into an earthen pot with a cloſe cover, ar ſtew them . 


(as they likewiſe do the large white radi 


in the oven, with their ow n juice alone, till perfectly 
ſoft, and then eat them with quaſs. When ſugar 1 is added 
inftead of quaſs, they make an elegant diſh, and proper 
in coughs and pectoral diſorders. 
Wm Oats they prepare and grind in the manner of malt, 
and make a ſort of flummery of this meal, which they 
eat with quaſs, their favourite ſauce; and ſometimes milk 
ſupplies its place for theſe ſorts of diſhes. 
I believe I have now made mention of the greateſt 
part of their food and its preparation; and I will take 
the liberty to ſay, that it is a regimen ſo conſiſtent and 
uniformly calculated to ward off the diſeaſe that their 
ſiruation threatens (even when viewed by the teſt of mo- 
dern opinion and experience) that the moſt enlightened 
phyſician of our day could not have preſcribed a better, 
VoL. LXVIIL 4 1 and 
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and perbaps you may think with me, that there are ſome 
articles in it which, from their cheapneſs and antiſcor- 
butic qualities, might be permitted to accompany, for 
trial, their old Northern companion ſour cabbage, who 
has, I ſuppoſe, been met with ſtraggling in Germany, 
where he was ſingly able to make head againſt all the 
dan 1gers that their climate threatened; although i in our 
more frig id realms it requires his whole united phalanx 
to keep us in ſafety. 
However, after ſaying every thing of and for the food 
made uſe of by the people inhabiting the Northern parts 
of this extended empire, I muſt not omit to give the 
ſhare of merit that I think is due to ſome cuſtoms that ! 
hinted at in the beginning, and which probably have 
their ſhare in effecting the great end treated of in this 
letter. Theſe are their cloathin 19, baths, and manner of 


fleeping.. 
In the firſt place, they go very warmly cloathed when 
out of doors, although they wear nothin g but a ſhirt 
and a pair of linen drawers when within; the legs and 
feet in particular are remarkably guarded againſt the 
cold by. many plies of coarſe flannel, with a pair of 
boots over all, at the ſame time that their bodies feel all 
the warmth of theep-ſkin coats, and nothing is left open 


to the action of the air but the face and neck, which 
© | 1 aſt 
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of the Natives of Ruſſia, 635 
laſt although never covered, yet coughs and ſore throats 
are ſeldom heard of: nay, they are diſorders that we 
ſhould almoſt forget co treat, if foreigners did not keep 
us in uſe. 

Their religion happily conſpi pires with the unavoidable ; 
bodily dirtineſs attached to their ſituation to ſend them 
to their vapour baths once or twice a week: here they 
waſh away with aqueous vapour, and afterwards with 
water in its condenſed ftate, the dirt that by obſtructing 
the pores is ſo well known to promote putrid diſeaſes, at 
the ſame time that they moſt effectually open the cuti- 
cular emunctories, and throw off any obſtructed perſpi pi- 
ration that might have otherwiſe acted as a  fomes to begin 
the ſeptic proceſs in the body; and laſtly, they undergo N 


nightly, as I mentioned in the introduction, a degree of 


perſpiration that enables our coach-men, for example, to 
ſit the whole day and ſevere winter evening on the box, 
or at leaſt out of doors, without once dreaming of what 
ve call catching cold, as they throw off every night what 
may have been retained i in the day, and, to uſe a vulgar | 
phraſe, may be ſaid to clear out as they go; but keep 
them from the nocturnal luxury of their oven, and you 
kill them in a week. | 
I muſt here obſerve, that, excepting the judicious ſea- 
man Captain COOK, I have not in my reading met with 
Re 412 $ any 


ſtill more prodigious ſize, I will rather make it the ſub- 
ect of ſome future one, as the effects of our winter at- 


the opinionated obſtinacy of new arrived foreigners. i 
5 | brave its fury in a more Southern dreſs, inſtead of taking 


636 Dr. GUTHRIE on the Antiſeptic Regimen, 8c. 
any perſon that has paid the indiſpenſable attention to 
warm cloathing of ſailors in cold climates, which, we are 
taught by experience in thoſe countries, is a moſt neceſ- 
fary precaution to preſerve health: however, as to enter 
upon this ſubject at preſent would {ſwell my letter to a 


moſ phere will merit particular attention, eſpecially when 


a hint, like leſs ſyſtematic men, from the experience 
that a ſucceſſion of ages has taught the natives. 
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Ex. Aironomical Ob/Jervations made in the Auſtrian 
Netherlands in tbe Years 177 3, 1774, and 1775. By 
Nathaniel Pigott, E/q. F. R. S. Foreign Member of tbe 
Academies of Bruſſels and Caen, and Correſpondent of. 
the Royal Academy of Sciences at Paris. 


TO THE REV. DR. MASKELYNE.. 


REV. 81 Ry 


W Read May , HE incloſed obſervations are a ſequel to 
| ms thoſe I communicated to you in 1775, 
Iand which are . in the LXVIth vol. of Phil. Tranſ. 
| for the year 1 776. | 
| Louvain being a very conſiderable and the only uni- 
verſity i in the. Auſtrian N etherlands, and upon that ac- 
count a town of very great note, I was particularly de- 
ſirous of ſettling its longitude and latitude with all the 
accuracy my ſituation and time would admit of; and the 
more ſo, that I believe myſelf to be the firſt perſon who 
Jever made any aſtronomical obſervations in that place, 
and 
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638 
and the firſt, of courſe, who has determined its poſition 
with any degree of certainty: there is, however, reaſon 
to think, that the government there will, in a ſhort time, 
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Provide an obſervatory, and ſupply the ſame with Pro- 


per inſtruments; the firſt uſe of which will, no doubt, be 
to verify the incloſed obſervations. 1 ſpared no pains to 
render their reſults as accurate as poſſible. With this 
view I collected, by the help of my friends, all the ob- : 
ſervations of Jupiter s ſatellites I could, correſponding to if 


each of ours; convinced by a mature conſideration of 
this matter, that the moſt effectual method of obviating 


the unavoidable errors which ariſe from the different 


5 goodneſs and power of inſtruments from the different 
conformation of eyes, different ſtates of the atmoſphere 


and other circumſtances, is to compare each obſervation 


to as great a number correſponding as poſlible, made i in 

different places by known obſervers, whoſe longitudes 
from a given meridian are well determined, and then 

taking a mean ariſing from each ſuch compariſon. The 
amazing differences which not unfrequently are found 
in obſervations of this kind, even among aſtronomers of 
high note, confirm me ſtill more in this opinion; and 1 


own, I ſhould prefer, i in order to ſettle the longitude of any 


place by Jupiter's ſatellites, three or four immerſions and 


as many emerſions, made in favourable circumſtances, 
and 
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made in de Auſtrian Netherlands. 639 
and compared with a great number of correſponding 
ones, made in different places, to a far greater number, 
which could but be compared with thoſe of one or two 
aſtronomers only. If this conſideration be of the weight 
it appears to me, it has not been ſufficiently attended to, 
and I mention it as it may be of uſe, particularly to 
young aſtronomers. 

The meridian zenith diſtances of the Sun and ſtars 
were taken with a quadrant one foot and a half radius. 
made by BIRD, exactly and very ſteadily fixed in the 
| plane of the meridian. The declinations of the fixed: 
ſtars, with the equations for aberration and nutation,. 
were taken from the Connoiſſance des Temt; the Sun's 
declination from the Nautical Almanac; its parallax and 
| refractions, with the corrections for the barometer and 
thermometer, were computed from MAYER's tables pub-- 


liſhed by the Board of Longitude. It may not be im-- 
n proper to add, that, when I obſerved both the upper and. 
je lower limbs of the Sun upon the meridian; I made the 
q horizontal wire of the quadrant merely a tangent to the 
Hf I Sun's limb; for which reaſon its diameter will come out 
1 by fuch obſervations conſiderably greater. than it really: 
was. 

For the obſervations of Jupiter's ſatellites we uſed a: 
reflector two feet and a half focal length, a teleſcope by 
DE SHORT, 
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SHORT, 18 inches focus, and ſometimes an achromatic 
-treble-object glaſs of the ſame length, and not much in- 
ferior to it, made by Mr. RAMSDEN; the times were got 
by a quadrant and a grid-iron pendulum. 
It is neceſſary to mention the difference of meridians 
betweenParis and the places where the obſervations were 
made to which we compared our own; the more ſo, as 
ſome are not generally known, and others differ a ſmall 
matter, from what is commonly ſuppoſed and printed i in 
the Connoi ance des 70 ems. 
M. MESSIER, in communicating a conſiderable num- 
ber of obſervations, informed me in a letter of the lon- 
gitudes of the following places: 
b | - p 4 L 1 5 „ C 
Corbeil Faſt of R. Obſervatory at Paris, — — o o 38. 
Nolon, Mem. of Acad. of Sciences, 1764, — © 345 
Perinaldo, by nine correſponding obſervations of 1 5 firſt ſatellite, © 21 33 
By a letter from Mr. MALLET, 
Genen — — — „ 
And by a letter on this occaſion from M. BERNOULLI, 
Berlin, Fall, em — — — o 44 10 
Milan, Eaſt of ditto, | — — — o 
Peterſburg, — — 8 N 1 862 01 
By the Rev. Mr. HORNSBY” 8 letter, 5 
Oxford, Weſt of Greenwich, 4 59"; hence of Paris, O 14 15 


By Mr. DALBY's letter, 
Muſwel-hill, 30“ Weſt of Greenwich, and of Paris, — 0-946 
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The un gitudes of the other obſervatories are aſſumed, 
as ſet down in the Connoi ifance des 7. _ 1777, as being 
well ſettled. | 
Twenty ſeconds were added to, or ſubtracted from, 
the obſervations of the fatellites made at Greenwich, 
with the ſix-feet reflector, on account of the great and 
ſuperior power of that inſtrument. 
Although Jupiter" s ſatellites obſerved at Bruſſels be 
emerſions only, nevertheleſs, a8 they agree with what 
the aſtronomers of the Academy of Sciences at Paris 
have done, as appears by the Connolſſunce des Tes es, the 
reſult is well eſtabliſhed. 
Being deſirous of affording every means of examining 
and forming a right judgement of theſe obſervations, l 
could not avoid ſaying thus much. concerning them. It 
Snow remains for me to return you my thanks for the 
| obliging communication of your obſervations. 


lam, Ke. 


NATH. PIGOTT. | 


Vor, LXVII. Lati- 
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qugaines, at Louvain. 


1774 
July 8. By the Sun's lower limb. — 


9. By the Sun's upper limb, — 
11. By C Ophiuci, . 
11. By « Herculis, — 3 

11. By a Ophinc, — — 
12. By both limbs of the Sun obſerved, | 

14. By the Sun's lower limb, 
14. By « Herculis, — 
15. By the Sun's lower limb 

15. By « Ophiuci, „ 

16. By & Ophiuci — 

16. By @ Herculis, — _ — 

16. By Ophiu ei. — — 
18. By « Ophiuci, — r — 
19. By obſervations of both limbs of the Sun, = 


l [24 


22. By the Sun's upper limb, — 
22. By & Ophiuci, — — — 
22. By a Herculi, — — 
23. By « Herculis, — — 
24. By the Sun's lower limb, — 
Sept. 30. By both limbs of che dun obſerved, 


1775 5 
Aug. 21. By 8 Cygni, — — 


The mean of the aboye, — 
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50 53 555 


50 52 58,1 
30 53 42 
50 52 55, 
30 53 32 
30 52 $10 
20. By « Herculiseis — — — 30o 52 553 
30 53 6,7 


50 52 559 
30 53 0g 
50 52 5% 


5o 52 51, 
So 52 594 


Latitude of the Refuge de Vrowperg, Rue des Domini. 


2 4 I 


50 52 54:2 


50 53 6,9 
50 52 53 
50 52 549 


30 52 51,5 
Zo 53 93 


50 52 $41 
50 53 8, 


50 53 770 


50 53 555 
50 52 355 
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643. 
Having on the 21, 23d, 24th, 25th of April 1775) 
obſerved the zenith diſtances of ? and & urſæ majoris 
with the face of the quadrant to the Eaſt and Weſt, in 
order to determine the error of the line of collimation, 
which I found to be 25,2, to be ſubtracted from the ob- 
ſerved zenith diſtances, I computed the latitude likewiſe 
from the ſame ſtars, and can depend the more upon the 
reſult from them, as, being ſo near the zenith, they were 
little affected by refraction, and not at all by the error of 


8 me li ne of collimation, becauſe obſerved both on the 
| quadrantal arc and arc of exceſs. 


By « urſe majoris the latitude was found. — 80 53 14 
By & urſæ majoris the latitude was, J/J%%%ͥͥͤꝙͥ“1[9 a 
By a mean of the Sun and ftars as above, — Th L $2 594 


Now, if a mean of the whole be taken, the latitude North 0 
of my W at Louvain will be — — E $3 3 


_ Longitude 
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Longitude of the Refuge de Vrowperg, Rue des Domini. 
quaines, at Louvain, deduced from obſervations of 


Jupiter” 8 ſatellites. 
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Correſponding altitudes of Sun and ſtars. 5 


1 774, Aug. I 5. Clock at noon, by fix ſets of the Sun, 


16, 
"a 
23. 
24. 
25. 


29. 4 Aquilæ on meridian by the clock, 


Clock at noon, by ſeven ditto, 
Clock at noon, by eight ditto, 
Clock at noon, by two ditto, 
Clock at noon, by fix ditto, 
Clock at noon, oy ſeven ditto, | 


30. Clock at noon, by four ſets of the Sun, 


31. 


Clock at noon, by three ditto, 


17 74. july 24. Clock at noon, by four ditto, 


8 
Aug. 21. 


27. 


Clock at noon, by two ditto, 
Clock at noon, by four ditto, 
Clock at noon, by three ditto, 


Sept. 2. Clock at noon, by four ditto, 
Oct. 5. Clock at noon, by five ditto, 


6. 
14. 


20. 
21. 
22. 
1775, Feb. 10. 
16. 


Clock at noon, by three ditto, 
Clock at noon, by three ditto, 


& Aquilz croſſed a vertical by the clock, 


4 Aquilz croſſed the fame vertical, 


Clock at noon, by three ſets of the Sun, 


Clock at noon, by three ditto, 
Clock at noon, by five ditto, 
Clock at noon, by five ditto, 


18. Clock at noon, by five ditto, 


22. 


Clock at noon, by ten ditto, 


28. Clock at noon, by four ditto, 


k 7 77 


11 39 10,8 

11 38 28, 5 
11 34 45— 
11 34 4+ 
II 33 237 
11 32 24,5 
8 35 42+. 
11 29 22— 
11 28 40+ 
0:2 o+- 
o 3 23— 
11 59 51 


IT 59 36 


11 58 59+ 
11 47 50 
11 47 42+ 
11 4b 16 


6 27 24 
6 4 49 


11 45 58,5 


11 45 58— 
11 59 477 


11 59 54 


11 59 50 
11 $9 45 


11 58 58,5 T 


The altitudes are corrected by the equation for declination. 


/ 


For 


r 1 


* > n 1 os FOE . X RAC, e n Is IS 
„eie n Ot LADS 88 8 8 n 8 n „eee 
62 F e eee ä > n 


made in the Auſtrian Netherlands. 645 


i- 
of For the Longitude of Louvain. 


1773) Auguſt 15, immerſion of 2's firſt ſatellite. 
At 11h 28' 31” by the clock, ſelf. 
IT 28 54 ditto, my ſon, 
EE Apparent times. 
: | Es N 8 8 = 5 
At Paris, M. MESSIER, 31 feet achrom. good, — . 141 c- 
At Geneva, M. MALLET, 10 feet achrom. fine fey, ——— 11 55 58 
f 1 r. WEISS, — _ — 12 41 23. 
At Louvain, — — ⸗;!;!; é 


On a mean, Louvain Eaſt of Paris 9 195 „„ / 


4 


Auguſt 22, immerſion of u's firſt ſatellite. 


: At I 3h 18 5% by the clock, hazy, ſelf. 


13 19 24 ditto, by my ſon. 


At Corbeil, M. MESSIER, 32 inches reflector, fine, — 13 37 28. 

WA: Peterſburg, — — — — 15 28 20 
J © 
5 At Greenwich, fix feet reflector, )) 13 26 14 


At Louyain, — — — — 13 45 2 


on a mean, Lonyain Eaſt of Paris 9 4% 


0¹ 
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For the Longitude of Dunn. 


1773, Auguſt 24, immerſion of 24's ſecond ſatellite. 
At h 560 27” by the clock, ſelf, good obſervation. 


9 56 43 ditto, by my ſon. 


At Corbeil, M. mess1ER, refleftor as above, doubtful, — 
At Perinaldo, M. MARAL DI, 3 feet achrom. fine — 

At Geneva, M. MALLET, 10 feet a chrom. 

At Stockholm, M. an, 10 feet achrom. good 

At Louvain, — — FRE, — 


On a mean, Louvain Eaſt of Paris Fs 2 5˙½7 : 


Apparent time, 


h #8 


10 14 51 


10 35 3 


10 29 14 
11 17 u 
10 2345 


Auguſt 29, immerſion of %'s firſt ſatellite, 


At 15h 0 40” by the clock, ſelf. 
15 os ditto, by my ſor. god. 


At Paris, M. mess1ER, achrom. as above, good, Gd 
At Geneva, M. MALLET, achrom. as above, tine, — 
At Perinaldo, M. MARAL DI, achrom as above, ad — 
At Muſwel-hill Mr. DALBY, 1985 — — 


At Louvain, — W 1 3 


On a mean, Linmia Eaſt of Paris 8 31 


© 
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For the Longitude of Louvain. 
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17735 Auguſt 31 immerſion of NS firſt ſatellite. 
At gh 39/ 1“ by the clock, ſelf, good, Moonlight. 


9 38 50 ditto, my ſon. 


At Nolon, Cardinal DE LUYNES, achrom. 60 times, — 
At Tyrnaw, F. WEISS, — — wa 
At Perinaldo, M. MARALD1, achrom. as before, — 
At Oxford, Mr. HoRNSsBVY, achrom. 34 feet, clear, — 
At Greenwich, 6 feet refleQor, — — — 
At Louvain,” — — — Pt 


On a mean, | Louvain Eaft of Paris 9 3 15 


Apparent times. 


3 1 


10 445 
W232: 


11 22 16 


9 47 36- 


"UW 


Auguſt 31 T, immerſion * 1 8 3 ſatellite. 


At Perinaldo, M. MARALDI, achrom, doubtful | "ow 
At Upſal, _ — — 3 
At Geneva, M MALLET, achrom. as before, thin fog, 

At 1 ſix feet refledor, „„ — 


on a mean, Louvain Faſt of Paris 8 42”. 


At 1 2h 307% 49 by the clock, ſelf, hazy and Moon - light. : 


13 14 32 


r 
13 3 63-- 


12 45 1 
13 2 31 
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For the Longitude of Louvain, 


1774, July 24, immerſion of %'s ſecond ſatellite. 
At 13h 5 o/ by the clock, ſelf, doubtful. 
13 4 30 by ditto, my ſon. 


Apparent times, 

| h FM 

At Paris, M. MESSIER, achrom. as before, a little doubtful, 12 53 25 
At Geneva, M. TREMBLAY, | 10 feet achrom. fine, — 13 7 55 
8 — . 13 54 21 
At Greenwich, fix feet refleQor, — — 12 43 49 
At Louvain, _ Om — ; _— I 3 2 42 


On a mean, Louvain Eaſt or! paris 9 290 +. 


July 26, immerſion of us firſt ſatellite. 
At 15h 21“ 7” by the clock, ſelf, good. 
T6 21 g ditto, by my ſon, 


15 24 0 


At Geneva, M. MALLET, achrom. as before, fine, — m — 
At Milan, teleſcope magnifying 200 times, — — 13 36 31 
At Louvain, — — VVV 15 18 15 


On a mean, Louvain Eaſt of Paris. 9 1, 


For 


6 
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For the Longitude of Louvain. 


1774, Auguſt 25, immerſion of 1 ˙8 ſecond ſatellite. 
At I [ah 5 10 36” by the clock, hazy, my fon. 


Apparent times. 
. 
a Perinaldo, M. MARALDI, achrom: a before good 1 
At Paris, M. MESssIEI , — * - . 
At Geneva, M. MALLET, fine weather, = — 12 57 45 
At Louvain, e  - — 12 51 55 


on a mean, Louvain Eaft of Paris 9 2. 


— 


Auguſt 27, immerſion of 4 $ firſt fatellite. 
At 11h 54 4 5” by the clock, my ſon, good. 


At Upſal, OR Pan — — 1 4 32 
At Milan, teleſcope as before, — — — 7 
At Louvain, — „„ > 55 12 


On a mean, Louvain Eaft of Paris 9 39", 5. 


. September 2 ) immerſion of : 0 3 belle. | 
At 15h 300 56” by the clock, my ſon, good. | 
15 37 27. 


At Genera, M, MALLET, achrom. as before, fine — 
At Tyrnaw, 6 — — 283-6 
Ar Louvain, — EO — — 15 31 55 


On a mean, Louvain Eaſt of Paris 9.26%. 


VoI. LXVIII TE For 
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For the Longitude of Louvain, 


1774, October 1, immerſion of 2's firſt ſatellite. 
At Loh 21 — by he * my ſon, hazy. 
| | Apparent rimes, 


Sd. #08 
At Greenwich, 1 feet refleftor,  — —_ 10 15 5 
At Paris, M. MEssIER, reflector 21 feet, excellent, — 10 24 45 
At Milan, teleſcope as before, _ — 10 51 43 
At Geneva, M. MALLET, achrom. 10 feet, fine, — 10 39 19 
At Oxford, Mr. noxnssY, 31 feet achrom. magnifying 100 times, 10 10 19 
At Marſeilles, teleſcope magnifying 100 G — 10 36 22 


At Inn,, . — "wo . 
At Stockholm, — = _ . 11 26 59 
„„ / 
At Louvain, Co I IETF — 10 33 56 


On a mean, Louvain Eaſt of Paris 9 * 


October 14, immerſion of Ys ſecond ſatellite. 
At 7h 160 7” by the aan. my ſon, _ 


At Greenwich, fix feet reflector, — — 11 2 2 
At Paris, M. MESSIER, 31 feet achrom. good, — 7 20 42 
At Tyrnaw,  _ e _ — 8-21 13 
an =». =»; --: + . Sud 
At Stockholm, — — aw „„ 
At Louvain, — — — — 


7 29 53 
On a mean, Louvain Eaſt of Paris g/ 1 8 
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For the Longitude of Louvain. 


1774, Ober 21, immerſion of 24's firſt ſatellite, 
At 8h 39 27“ by the clock, my ſon, Moon-light. 


Apparent times. 
ey | . 

At Greenwich, fix feet refleQor, — — 2 35 0 
At Paris, M. MESSIER, achrom. as above, good, — 8 44 47 

W Ac Mann. — Eo nn” + It ab 
At Geneva, M. MALLET, achrom. as above, . 8 59 20 
At Oxford, Mr. HoRnsBY, 31 feet achrom. — — 8 30 26 
At Louvain, — — — — 8 53 29 


on a mean, Louvain Eaft of Parts, 90 I. 


October 2 r, immerſion of %'s ſecond ſatellite. | 
At gh 550 x 5” by the clock, my ſon, » near . 
At Greenwich, ſix feet reflector, — — 1 
At Paris, M. Mgs$1ER, achrom. 31 fett, — — w 07 

At Geneva, M. TREMBLAY, Moon-ſhine, — — 10 14 43 

At Milan, teleſcope as before, e LT: 10 27 12 
At Louvain, — — — — 10 917 


On a mean, Louvain Eaf of Paris 9 1 L100 


For 
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For the Longitude of Louvain. 


1775, February I 57 emerſion of 1s firſt ſatellite. 


At 6h 12“ 29“ by the clock, ſelf. 
6 12 17 by ditto, my ſon, good. 
3 


At Greenwich, refleAor, air clear, but twilight, refleQor, 5 53 2 
At it Paris, M. MESSIER, achrom. as before, excellent, — Pp ®; +33 


On a mean, Louvain Eaſt of Pans bY 46%. 


February 195 emerſi on of Y © ſecond ſ: atellite, 


At. 8h 30 460 by the clock, ſelf, good. 
8 36 20 ditto, by my ſon. 


At Greenwich, achrom. 32 feet, very fine, — T 29 uÞ 


At Tyrnaw, ants ">... = „ 223 
At Louvain, — — — — 8 36 30 


on a mean, Lownin Eaſt of Paris o 5 2. 


| February 22, eon of u u Grſt Sehe 
At 8h 8 33” by the clock, good. 
8 8 25 àitto, by my ſon. 


At Lunde .d — ̃/w— 8 42 39 
At Tyrnaw, 5 — — — — 9 © 6 
As Stockholm, — — — an 9 155 
At Oxford, Mr. nornsBy, achrom. emerged quick, — 1 44 32 
At Greenwich, fix feet refieQtor,. — — — 7 49 37 
At Louyain, — — — — 8 8 43 


On a mean, Louvain Eaſt of Paris 9 39 | 


; 


made in the Auſtrian Netherlands. 


RESULT. 
9 | | 
9 7 1 
9 44 || By the emerſions, 
9 254 | 7. 
8 * 7 
: 317 The mean, — 
l; 42 | | OR — 
929 
q 12 14 — By a mean of imme 101 
. and emerſions, 
9 284 
926 
936 
9 "3 . 
9 
5 9 * | 
The mean — 9 23k || 


If the obſervations made at Louvain, excepting that 
Jof the ſecond fatellite of Auguſt 31, 1773, in which 1 
ſuſpect an error of a minute, be compared to thoſe made 


at Greenwich alone, with which there i iS a ſingular agree- 
ment, they ſtand as follows: 


L | I | ; . 


. _ 13 56 


4 By a mean of n | 9 
|] By ditto of immerfion, 9 
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in time, or 2* 24' 15” of a great circle, Eaſt of the Royal 


At _ P.M. in a SSE. room, out of the San, FAHRENHEIT's er- gp 


— ho < _ e a. 2 2 , — 


mometer ſtood at — „ 

At 4 b. P.M. in a North-eaſt room, — „ 785 
At 4 b. 300 in a — ſcreened from the Sun, 2 ow _ 73 
17 7 45 October 5. 

: Apparent times, 
. 


> * 2 
{Dr Ser ee 


| Immerſion of NY's third faellite, with a refleor 18 focal 


Contact of Saturn's Weſt and » 's Eaſt limb, — 9 25 15 
Total immerſion of Saturn's body, — — 9 25 39 
Total immerſion of the ring, — — — 9 26 5 


— 


654 Mr. rigorr's Afronomical Obſervations 
If a mean be taken between / 30%, the reſult of the 
whole of the compared obſervations as above, and 9“ 43 
the mean of the Louvain obſervations, compared with 
thoſe made at Greenwich only, the mean of theſe means 
will probably be very near the truth, and give the Refuge 
de Vrowperg, Rue des Dominiquaines, at Louvain, 9 370 


— at Paris. 
Farther obſervations of Louvain. 


1773, Auguſt 1 5. 


ee) 9 57 8 


by SHORT, magnifying 130 times, by my 18 | 


1775, February 4 8. RE 
Occultation of Saturn by the Moon. 


' made in the Auſtrian Netherlands. 635 
By my ſon, with the ſame reflector as above, mag- 
nifying 95 times on Saturn's emerging from a cloud, 
he appeared in contact with the limb of the Moon at 
Joh 250 15“. The ſuddenneſs of this obſervation may 
| : poſſibly make it uncertain for a few ſeconds. At the total 
| immerſion of Saturn's body, the Eaſtern part of the ring 
© became very faint by the brightneſs of the Moon. Va- 
Y pours affected pretty ſtrongly both Saturn and the Moon. 
Clouds hindered from ſeeing the emerſion. 


March 1. 4. 5 
| Apparent times, 
Emerſion of V's krſt ſatellite, very ſlow, ſelf, — 10 5 59 
have no correſpondin 2 obſervation. 


For 


; | 
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For the Longitude of Bruſſels. 

1773, Nov. 1, emerſion of 2's firſt ſatellite. 
"= Ih 2 3 23 by the clock, ſelf, good. 
11 23 32 ditto, by my ſon, good. l 
Apparent times, oY 
| | kh. #7 " 4 
At RAN EY fix feet reflefr, — — 12 20 
At Paris, M. MessiER, 31 feet achrom. good, — 11 11 40% 
At Perinaldo, M. r AN ALDI, achrom, three feet fine, — . 11 33 24 Y 
At Muſwel-hill, Mr. DAL BZT, — — — 11 1 6 1 
At — by my obſervation, en — 11 19 349 


On a mean, Bruſſels Eaſt of Paris 7 57” _ 


Nov. 10, emerſion of 1 8 firſt ſatellite, 


At 7h 5 1' 20” by the clock, ſelf. 
7 81 1 5 ditto, my ſon, good. 


At Greenwich, by tables n Phil. Tran. 1777, p. 183. 5 Y 26 12 


on a mean, ruſſels Eaſt of Paris 8 7 0 


December 10, emerſion of 2's firſt ſatellite, 
At roh 14 14' by the clock, my ſon. 


At Greenwich, fix feet refleAor, _ — — C22 
At Muſwel-hill, Mr, PALS, — — 9 27 32 


On a mean, Bruſſels Eaſt © = Paris 8' 7:5 
jp For 


12 


35 


59 
32 


34 


At Paris, M. MESSIER, 33 feet achrom. good, 


made in the Auſtrian Netherlands, 657 
For the Longitude at Bruſſels. 


177 5, December 19, emerſion of 2's firſt ſatellite. 
Att 6h 42 48", by the clock, my ſon. 


Apparent times. 

| 1 
At Tyrnaw, r. WEIss, Ry —_ 0.0 20 
At Bruſſels, — ao _ REP 6 6 26 


Ona Wan, Bruflels Eaſt of Paris 8 6. 


177 4. January 11, emerſion of 4; firſt fatellite. 
At 7h 8' 7” by the clock, my ſon. | 


— 5 6 4 24 

At Stockholm, M. WARGENTIN, _ Yes i ow, 11 
* E 8 — re ; 6 11 57 

on a mean, Bruſſels Eaſt of Paris 7 39”. 
February 3. , emerſion of 1 5 s firſt ſatellite. 7 

At 7h 34 10% by the clock, my ſon. 5 

At Paris, M. MESSIER, achrom. 31 feet, good, — 6 15 33 
At Stockholm, 7 — — — — 7 18 10 
—_—  -  -: - :- — 67 
At Bruſſels, — — — — 6 23 40 


On a mean, Bruſſels Eaſt of Paris 8“ 20”. 


Vol. LXVIII. 4 M 


t 
1 
1 
11 


1 
1. * 
1 0 
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x aw I. XS Site 0 
2 5 
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At Tyrnaw, r. WEIss,, — — — e 
At Stockholm, M. WARGENTIN, — — — ＋ 30 


_ the Court at Bruſſeis 8' - 7” m time, or 2® x 45“ in parts 
of a a great circle Eaſt of the ä at Faris. 
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For the Longitude of Bruſſels. 


1774, February 18, emerſion of 2's ſecond ſatellite. 
At * 24 58” by the clock, my ſon. 
Apparent times. 


kk. # 


i 5 


on a mean, Bruffels Eaſt of. Paris 8 6”. 


* „ v 


o | Ns „ gt GIA + ot og hep,” | 
N +44 oy N "> =. 2 erer rr il 3 N 
/ T EE IONS . \ 9 3 | 
A N D a * = N 2 D 4 K 2 «1 N * + 


The 1 mean of theſe emerſions give Bruſſels k Eaſt of 
Paris 8˙ i in time; but if the obſervation of January 11, 
1774, be rejected, as it ouglit, becauſe differing conſi- 
derably from the reſt, the mean of the others will give 


1 * 


G59 


made in the Auſtrian Nothortands, 


Farther obſervations at Bruſſels, 


1 773, October 27. 
At 34 h. P. M. height of quickfilyer in FAHRENHEIT? 8 thermometer 3 
in a SW. room, out of the _ | — Os Ho 


At 7 h. P. % ip a NE. roomy, , . = || ,*;" bet 


3. 
„At gs h. P. M. in the fame rom, ECC 1280 651 
5 At 11 h. P. M. in the ſeme room, — — _* 6; 
6 


A little wind from the weſt; cloudy; [ was w obliged to 
open the windows till 9 h. P. M. | | 


November 1, 


Occultation of Aldebaran by the Moan, lk. 


. times. 
- The ſtar ſeemed to touch the Moon” s limb, . 33 3 
be: The ſtar, which ſeemed on the Moon's diſk, W — 9 33 11 
'e Occultation, by my ſon, —— ths co an n 


Aldebaran entered 2th nearly of the Moon's diameter, 
South of the ſpot Grimaldus. The night was very fine 


at the occultation, but clouds hindered . the emer= 


November 1 2. 


The quickſilver i in the barometer, in a room one ſtory 
high, at 7 h. P. M. ſtood at 28, 645 Engliſh inches; the 
preceding night was very ſtormy. 


$29 3 
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d of Aldebaran out of the enlightened 180 of the evo, 
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1774, February 18. 


Appatent times, 


Immerſion. of a b ſtar into the dar ny of the Moon; 
inſtantaneous, by my ſon, — 6 9 v7 bo 


This ſtar 1 is ſet down 1 in FLAMSTEAD Atlas ci as 
follows: M 2 
615 57 R. _ 

15 20 Declination North. 


April 14. 


— 2 inſtantaneous; weather very 5 7 39 8 


661 J 


tans, M. B. Dated Vienna, Jan. 14, 1778. 


Read * „ THE diſeaſes of a great multitude of 
177 . 


corrected by a correction of the food itſelf, and not ot by 
any medicines properly ſo called. 


havoc 


Obrvation fur la Scorbut. 
Docteur en Medecine. 


Calimens qui Valterent; C eſt dans la correction de cette nourriture, et non dans 
les remẽdes donnẽs comme mẽdecines, qu'il ſaut chercher les moyens de les prẽ- 
ſerver des maux, auxquels experience dẽmontre qu'ils ſont les plus ſujets. 


dens de mer, <tant la principale cauſe du ſcorbut qui attaque les £quipages dans 
es voyages de longue duree, et prive ſouvent les vaiſſeaux des bras neceſſaires 


XXI. Ob/ervations on the Scurvy. By Charles De Mer- 


people, who live in the ſame manner, 
and are obliged. to live upon unwh oleſome food, are to be 


Conſiſtently with this principle, I have always thought 
that the ſalt proviſions uſed by ſea-faring people being 8. 
the principal cauſe of the ſcurvy which makes ſuch fatal 


Par M. Charles de 33 


Lossqbm. s'agit de la conſervation de la ſants ᷑ une i de gens 


vivans tous de la meme maniere, et obliges de ſe nourrir principalement 


Daprès ce principe ja tod jours cru que les proviſions falees, dont uſent les 4 


6662 Dr. DE MERTANS's Ob/ervations 
havoc amongſt crews engaged on long navigations, it was 
neceſſary to find out ſome food of an oppoſite nature to 
this, capable likewiſe of being preſerved at ſea. 

Salt proviſions are hard of digeſtion; andave all know 
that all food, which our powers of digeſtion cannot re- 
| duce to a good chyle, undergoes in the prime vie ſuch 
alterations as are proper to the reſpective ſpecies of it in 
regard to heat and humidity; conſequently, the chyle f 
produced by ſalt proviſions partakes altogether of an ; 
animal nature tending to putrefaction. When it mixes 7 
with the blood, it increaſes this diſpoſition which Our ; 
fluids have of themſelves; and thus, by degrees, intro- : 
duces that flow putrid degeneration which we call ſcur- : 
vy, of which, I am perſuaded, there is but one ſort, dif- . 
ferent in its degrees. I am likewiſe perſuaded, that the 
ſea and land {curvy are the ſame diſorder, ariſing from 
ſimilar 


— 
— — — 


you ſe — n . . n 1 


pour Ten 1 il falloit 231 1 y y oppoſer d FT alimens Tune nature con- 
traire et qui ſe conſervaſſent ſur mer. 

Les viandes falees ſont de difficile digeſtion et nous ſavons que les alimens 
que nos forces digeſtives ne peuvent pas rẽduire en bon chyle, ſubiſſent dans les 
premieres voyes les alterations propres à leur eſpece dans la chaleur et Phumidite; 
par conſequent le chyle produit de viandes falces ſeules, tient entierement de la 
nature animale tendante à la putrefaction. Lorſqu' il ſe mele au ſang, il auß 
mente cette diſpoſition, que nos fluides ont deja par eux memes, et par Iz peu 1 
peu introduit cette degencration putride lente, que nous appellons ſcorbut, dont 
je ſuis perſuade qu'il n'y a qu'une ſeule eſpece, qui a differens degres. Je ſuis 
auffi convaincu que le ſcorbut de mer et celui de terre ſont la mime maladie, 

8 | e produit 


* 


on the Scurvy. | 667 
fmilar cauſes, that is, living upon ſalt meat or fiſh, few 
br no vegetables, damp houſes, &c. 

To prevent then or correct this alteration in the hu- 
mours, we muſt find out ſome antiſeptic aliments, which. 
may keep a great while, and not be ſubject to be da- 
maged from the alteration of climate. N ow, I uſed to 
think, that. four-krout, or fermented cabbage, ſo fre- 
| quently uſed in Germany, had theſe qualties; ; that though 
Wit did not always pleaſe thoſe who eat it for the firſt time, . 
every body ſoon grew uſed to it, and found it good and 


wholeſome food; that failors in particular were very 
fond of it, eſpecially when they had no other greens. I: 
had accordin gly ſeveral converſations upon the ſubject, 

twelve years ago, with NMeſſieurs PRESTON and LANGLEY) | 


in 


5 — "ICE bf * FO . * a. 88 4 3 D 


a par des cauſes ſemblables: nourriture de viande ou poiſſors ſales, peu 
ou point de vẽgẽtaux, habitations humides, &c. 
Il Yagit done, pour prevenir ou corriger cette alteration des humeurs, de pro- 


et que les changemens de climats ne gãtent point. Jai cru que le ſaver-kravt, - 
ou choux fermentes, dont on fait fi grand uſage en Allemagne, avoit ces qualitcs; | 
que fi elle ne plaiſoit pas toujours a ceux qui en mangent pour la premiere <4 
tout le monde s' accoutumoit bientõt, et la trouvoit un mets bon et nourriſſant; 

que les marins en feroient leurs delices, ſurtout lorſqu' ils manqueroient ee 
legumes. J'eus il ya une douxaine d'annees pluſieurs converſations a ce ſujet 
avec Meff,, LANGLo1s et PRESTON, attaches ici a Pambaſſade de mylord 8ToR- 


n, qui mhonnoroient de leur amitie. Je defirois qu'on fit des eſſais de 
— 5 


eurer des alimens d une qualitẽ antiſeptique, qui puiſſent ſe conſerver long tems, 


664 Dr. DE MERTANS's Ob/ervations 
in which 1 expreſſed my wiſhes that ſour-krout might 
be carried out and made part of the ſhips proviſion. 

For {ome years paſt I have ſeen, with great pleaſure, 

in the public papers, and the relations of travellers, that 
the trials I wiſhed for have been crow ned with ſucceſs; 
and that the preſervation of the healths of many crews, 
w hich have gone round the world, has been owing to 
ſour-krout. The preſervation of ſea-faring people i is an 
object ſo important to many nations, and whoever con- 
tributes towards it does ſo eſſential ſervice to mankind, 
; a that I will now communicate other- methods, which, 
joined to the firſt, will ſerve to keep off the ſcurvy, as 

well as to cure it more readily and more ſurely. "Theſe 

methods are likewiſe i in the food, and they conſiſt of ve- 


getables eaten in a ſtate of crudity, and ſuch as the earth 
affords 


tranſporter 12faver- kraut fur r mer, pour en a faire une partie de Ia i nourriture e de 
Equipages. 
Depuis quelques annees je lis avec une vraye GtiofaBiicn dans les papiers pub- 
. lics et les relations des voyageurs que ces eſſais ont parfaitement reuffi, et que 
| C'eſt en grande partie a la ſauer - kraut que Von doit la ſantẽ de pluſieurs ẽquipages 
de vaiſſeaux qui ont fait le tour du monde. La conſervation des gens de mer eſt 
un article des plus importans pour pluſieurs nations, et en y travaillant on rend 
ſervice a une grande partie du genre humain. Dans cette vue je vais communi- 
quer de nouveaux moyens, qui, joints aux premiers, ſerviront a prẽſerver du 
ſcorbut, a en arreter les progres, et meme a le guẽrir plus promptement et plus 
ſurement. Je les trouve de meme dans la nourriture, ce ſont des vegetaux ce 
differentes eſpeces manges dans Vetat de crudite, et tels que la terre les donne. 


Je 


„ ons 1 I.” PW n 1 n 1 Fl 


| 
| 
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affords them. I am convinced, that all the greens uſed 
in our kitchens are much more antiſcorbutic when they 
are raw than after they have been boiled in water“, or 
have gone through any other preparation by fire. I 
ground my opinion upon experience, the ſafeſt of all 
guides, and ſhall therefore gs with the facts which 
led me to it. 

I was ſurprized to find, during an abode of many 
years at Moſcow, that many gentlemen merchants and 
ſtrangers were attacked by a flow ſcurvy, having their 
gums ſoft, ſwollen, and blueiſh, the breath ftrong, and | 
many ſcorbutic ſpots at the legs, whilſt it was rare to find Es 
among the lower people, either of town or country, a 
ſingle perſon with theſe marks. The nouriſhment of 


on the Scurvy 


( a ) dane it is becauſe _y loſe a yen deal of fixed air by ebullition. 
the 


— —_—— 


Je ſuis afar que tous les legumes dont on «fe ſert dans nos s cuiſines, ſont . 
ment plus antiſcorbutiques lorſqu' ils font cruds, que quand ils ont ẽtẽ bouillis (a) 


dans de Feau, ou qu'ils ont paſſe par toute autre prẽparation au feu. Je me 


fonde ſur le guide le plus or, experience; Ceft r Je commenceral par 
rapporter des faits. 


Pendant un {&jour de pluſieurs annees que je ſis a Moſcou, je fus ſurpris de 


: trouver beaucoup de gentils hommes, de marchands et d'etrangers, atteints 
Len ſcorbut lent, ayant les gencives molles, gonflees, et bleuatres, Vhaleine 
W puante, et plufieurs des taches ſcorbutiques aux jambes; tandis que parmi le 
beuple tant de la ville que de la campagne il eſt tres rare de trouver un ſeul 
c homme qui ait la moindre de ces marques. La nourriture des premiers conſiſte 


(a Peut &tre parce qu'ils per dent par I ebullitione beaucoup de leur air fixe. 


Vor. LXV II. 4 N i ſurtout 


666 Dr. DE MERTANS's Obſervations 
the former conſiſts of a great deal of meat, both ſalt and 
freſh, and likewiſe of fiſh; they feldom eat any greens, 
except now and then a ſoup made of ſour cabbage, 
exactly reſembling the German ſour-krout in every 
thing, fave that this cabbage i 1s chopped ſmall, whereas 

the ſour-krout i is cut according to the length of the cab- 
bage. Their common drink is very ſour ſmall beer, 
called qua, beſides which they drink wine, the beer of 
the country, Engliſh beer, and a ſmall glaſs of brandy at 
leaſt before every meal. They eat very little bread. 
The common people live all the year upon this ſour cab- 
bage ſoup, in which they boil ſalt meat on common days, 

and ſalt or dried fiſh on meager days and during their 
four lents (which are more than a third of the year) 
when they add to it very Rinkiny g lin-ſeed Oil inſtead of 
| * 


* —_— — 4 a _ _ — * . . = - 1 > . 2 — „ 


— 2 


ſurtout en beaucoup de viande, tant fraiche que falce, et de poiſſons de meme: 
ils mangent peu ou point de lẽgumes, excepte de tems en tems d'une ſoupe aux 
choux aigres, qui reſſemblent entierement a la ſauer-kraut d' Allemagne, finon 
qu'ils ſont haches menus, au lieu que cellecy eſt coupe ſoivant la largeur des 

choux. Leur boiſſon ordinaire eſt une petite bierre fort aigre qu ils nomment 
quas; ils boivent en outre du vin, de la bierre du pais, de la bierre d'Angleterre, 
et un petit verre d' eau de vie au moins avant chaque repas; ils mangent fort 
peu de pain. Le peuple vit toute Pannee de cette ſoupe aux choux aigres, dans 
laquelle on cuit de la viande falce les jours gras, et du poiſſon ſale ou ſeche les 
| Fours maigres et pendant leurs quatre carẽmes, qui font plus d'un tiers de Tan nte, 
alors ils y ajoutent de Phuile de lin fort puante au lieu de graiſſe ou de beurte. 
3 8 Dans 
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greaſe or butter. In this ſoup, which is called ch, both 
in the meager and other ſeaſons, they boil meal, princi- 
pally that of Saracen wheat. They eat cucumbers like 
the others in ſummer, and ſalt them for the winter. 
They likewiſe feed very much upon oat bread. The 
common people live in ſmall wooden houſes, generally 
very low, in which they get together both ni ight and day 
during three parts of the year, on account of the great 
cold. There 18 little air in the room, the windows of 
which are very ſmall. Here they ſtew together in hu- 
midity and naſtineſs; ; for, except the bath, which, as well 
as thoſe I have mentioned firſt, they uſe once a week, 
they are extremely naſty. 
| Here then are many reaſons, all of which (except the 
| conſtant uſe of four . and bread) ſhould make 
them 


1 


Dans cette ſoupe, qu' ils appellent ſchſti, en maigre et en gras, ils font cuire des 
gruaux, ſurtout celui de bled Sarraſin. Ils mangent, de meme que les pre- 
miers, en étẽ des concombres, et les font ſaler pour I'hiver. Ils ſe nouriſſent 
auſſi beaucoup de pain de ſeigle. Les gens du peuple habitent de petites maiſons 
de bois, ordinairement baſſes, ou il ſe raſſemblent nuit et jour en grand nombre 
les trois quarts de Pannee, a cauſe du grand froid; il y a peu d'air dans les 
chambres, les fenẽtres en ſont fort petites: ils y croupiſſent generalement dans 
la malpropets et Phumidite, A — du bain dont ils ſe fervent, de meme 
que la plus part de ceux que j'ai nommes en premier lieu, une fois la ſemaine 
au moins, ils ſont fort malpropres. 

Voila bien des raiſons, exceptẽ le plus grand uſage de choux aigres et de pain, 
4 N 2 qui 
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them more ſubje& to the ſcurvy than the people of 
faſhion, or thoſe who live at their eaſe; a conſtant uſe of 
meat or fiſh that is ſalt (for they eſteem neither ſo much 


when they are freſh) much more brandy, filth and damp 


in their houſes, leſs change of cloaths or linen. 
I was many years making theſe obſervations, and in- 


quiring what it was that could preſerve them from the 


ſcurvy, which, on fo many accounts, they ought to have 


been more ſubject to than the others. It appeared to me 


that, excluſive of the daily uſe of the ſour cabbage, which 


| I conſider as the moſt powerful of all preſervatives, they 


were indebted for their ſafety to the great quantity of 


raw greens, ſuch as onions, leeks, raddiſhes, turnips, Peas 
in the pod, and others, which they eat. The berries of 
: Vaccinium, with others much reſembling them, called 


Rloukna, 


4 by * 1 — 


qui devroient rendre ceux cy plus ſujets au ſcorbut que les nobles et les gens 


aiſẽs: prefque toũjours de la viande ou du poiſſon fale (ils ne font meme pas tant 
de cas de Pune et de l'autre quand ils font frais) beaucoup plus d'eau de vie, la 


mal proprete et Phumidite de leurs maiſons, le changement plus rare de linge et 
d'habits. 

Je fus quelques annees a faire ces obſervations et a chercher cc qui pouvoit 
principalement les preſerver du ſcorbut, dont par tant de raiſons ils auroient du 


eètre attaques preferablement aux autres: il me parut qu? outre Puſage journalier 


des choux aigres que je regarde comme le plus puiffant preſervatif du ſcorbut, is 
en ẽtoĩent redevables a ce qu'ils manzent quantite de legumes cruds; oignons, 


porreaux, radis, raves, navets, pois avec leurs gouſſes. Les bayes du Vac 
nium, 
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hutna, which are of the ſize of a ſmall cherry and very 
acid, are, together with apples, {trawberries, and raſper- 


Fries, almoſt the only fruits of theſe countries. 
In the Foundling Hoſpital, of which I was a phyſician, 
Where were every winter ſeveral ſcorbutic patients. This: 
hoſpital was . built near the conflux of two rivers, in a 
Place the ſoil of which has been raiſed at a great expence. 
; re near back as the- year 1770 there were ſtill ſtagnated 
waters to be ſeen in the place; but only a part of the 
| Ichilaren lived there, the remainder lived in a ſtone houſe, | 
ü ſituated upon an eminence in the neighbourhood. 
The uſual ſymptoms of the ſcurvy on theſe children: 
were, the ſwelling of the gums, the nauſeous breath, a. 
c great eee and dejection; they uſed to become cache- 
tic, : 
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i 

: nium, et HIDE — ſemblables qu ils appellent ales dc la groſſeur une. 
Wpetite ceriſe et fort acides, font avec les pommes, les fraiſes et les framboiſes, 
; Wpreſque les ſeuls fruits de ces contrees. 

W Javois chaque année en hiyer et au printems, dans la maiſon des enfans- 
W'roures, dont} ẽtois medecin, beaucoup de ſcorbutiques. On a b5#ti cette maiſon 
Wpres du confluent de deux rivieres, dans un lieu dont on a relevé le terrein a a 
: grands fraix, Juſqu'en 1770 on W encore parci par là de l'eau croupiſſante. 
ans cet endroit; mais il n 'y avoit qu'une partie des enfans qui y demeuroit, 
Is autres occupant une vielle maiſon de pierre fituee ſur une Eminence dans le 
þ voifluage. 
Les ſymptoms ordinaires de ſcorbut ch&s ces enfans Etoient le gonflement des 
Neencives, la peſanteur de la bouche, une grande laſſitude et abattement; ils de- 
venolen ?: 
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tic, and of a leaden colour. In proceſs of time the ſwel. 
ling of the gums increaſed; they were uſed to aſſume x 
livid colour: puſtules were formed in the mouth, the in- 


fection of the breath grew moſt horrible, the gums and 
all the infide of the mouth became gangrenous, the jay 


bones were carious, the fall of the teeth followed, and 
the bones of the alveoli fell to pieces. The ſick could 
ſcarce ſtir, though they had as yet no fever, and had ; 
very good appetite. The legs of ſome amongſt them 
were from the firſt covered with ſcorbutic ſpots, and dried 


cruſts, like ſcales; others only had theſe ſymptoms after 


the miſchief had made a great progreſs. Moſt of them 
had their legs ſwelled. In ſome, the flexor tendons of 
the legs grew ſhorter, and ſtiffened i in ſuch a manner 
that hey were forced to keep always in a lying poſture, 


with 


1 


— — 
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venoient chachectiques, et d'une couleur plombee. Peu a peu le gonflement des 
gencives augmentoit, elles prenoient une couleur livide; il ſe formoit des puſtules 
a la bouche Yhaleine repandoit une infection horrible; les gencives et tout le 
dedans de la bouche ſe gangrenoit; les os des michoiſes ſe carioient, la chute 


des dents ſuivoit, et les os des alveoles tombaient par morceaux. Les malades 


pouvoient a peine ſe remver, quoique toũjours ſans fievre; Papetit ne leur man- 
quoit pas. II y en avoit dont les jambes des le commencement <toient cou- 
vertes de taches ſcorbutiques, et de croutes ſeches comme des Ecailles; a d'autres 


elles ne venoient que lorſque le mal ẽtoit fort avance, la plus part avoient les 
jambèes enflees. Chez quelques uns les tendons flechiſſeurs des jambes 
ſe raccourciſſoiĩent, et ſe roidiſſoĩent de facon qu'ils Etoient 2 de reſter 


continuellement couches, ayant les pieds pres des cuiſſes; j'ai vu une 
couple 
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with the legs near the thighs. In two caſes the ſame 
thing has happend to the arms. 

The gangrene of the gums and mouth, as well a as the 
caries of the bones, uſed inſenſibly to increaſe to ſuch a 
degree, that the bones of the alveoli and the ſpongious 
part of thoſe of the upper jaw uſed to fall out. The 
E miſchief was uſed, however, to make a flow progreſs; 
chere often elapſed a fortnight, and ſometimes more, 
after the beginning of the gang grene of the mouth and 

Gf caries of the bones; and many months between the firſt 
ſymptoms and the ſtage of the diſorder I have been de- 
ſcribing. Even in this ſtage, dreadful as it Was, they ſtill 
| took nouriſhment ſufficient, and even much more than 
it would be thought poſſible they ſhould have taken 1 in 
ſuch a ſituation. It was impoſſible, however, they ſhould 
live long in ſuch a ſtate, and death ſoon put an end to 


their 


couple de fois arriver la meme choſe aux bras. | 
La gangrene des gencives, de la bouche et la carie des os augmentoient inſen- 
iblement, au point que les os des alveoles et la partic ſpongieuſe de ceux de 
la michoire ſuperieure tomboient, Ce mal alloit lentement; il fe paſſoiĩt quel- 
ques fois quinze jours, et meme plus, depuis le commencement de la gangrene 
le la bouche et de la carie des os, et pluſieurs mois depuis Papparition des pre- 
miers ſymptomes de la maladie juſqu'au point que je viens de decrire. Malgré 
cela ils prenoient encore dans ce dernier periode de la nourriture en quantite ſuf- 
filante, et infiniment plus qu'on n'auroit pu fe Pimaginer Papres leur ctat, IIs 
ne. pouvoient cependant vivre longtems dans cette e ſituation, et la mort venoit 


enfin 


LY 
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their torments. I have often been ſurprized at not hear. 
1ng any cries of anguiſh come from them in ſo lamenta- 
ble a ſituation; but they were uſed almoſt continually to 
complain of their voice being feeble. 

The mode of treatment which I commonly made uſe 
of in curing the greater part, provided the miſchief had 
not made a conſiderable progreſs in the ſpongious bones 
of the upper jaw, was this: the firſt thing I did was tg 
put them on a vegetable diet, and order them ſoups, 
with a great many greens dreſſed in light broth, ſuch as 
ſour cabbage, carrots, turnips, and onions, &c. to which 
1 added ſtewed onions and ſorrel. The drink of the big 
ger ſort was quas c or ſour ſmall beer; the leſſer ones (none 
of which were ever ſeized with the ſcurvy under two 
years old) drank water. 


During 


* « 
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enfin les dElivrer de tant de maux. J'ai ets ſouvent Etonne de ne leur entendre 
pouſſer aucun cri de douleur dans un état auffi deplorable; mais ils ſe plaig 
noient prefque continuellement d'une voix languiſſante. 

| Le traitement que jemployois' ordinairement guerifloit la plus part, pourvu 
que le mal wet pas fait des progr.s dans les os fpongieux de la michoire ſupt- 
rieure. D'abord je les mettois entièrement a la nourriture vegerale, leur faiſant 
donner des ſoupes avec beaucoup de legumes cuits dans un bouillon leger; comme 
choux aigres, carottes, panais, navets, oignons, &c. des Epinards, de je ces 
orties, de Poſelles, ẽtuvẽs: la boiſſon des plus grands etoit * quas ou petite 
bierre aigrelette, les petits ( b ) buvoient de Veau, 


U nien at jamais vu au deſſous de deux ans attaquẽs du fret, 


As 
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During the ſpring, thoſe who had the ſcurvy took, in 
proportions ſuitable to their ages, a drink made of whey, 
in which were infuſed antiſcorbutic plants, ſuch as coch- 
learia, naflurtium aquaticum, becca bunga, acetoſa. This 
infuſion was ſweetened with plain ſyrup, or ſyrup of 
ſugar. Beſides this, in the courſe of the day, they 
uſed a gargle, made of an infuſion of herbs, rue, ſage, 


agrimonia in water, to which was added ſpirit of coch- 
karia, and honey of roſes. When the gangrene began 
to ſhew itſelf at the mouth, beſides the remedies I have 
mentioned, they uſed to take a ſtron g decoction of bark, 
part of which decoction I likewiſe added to the gargle. 
l likewiſe had the gangrened parts touched with honey 
of roſes, mixed with 2 ſmall quantity of fpirit of ſea 
ſalt. 


This 


Au printems tous les ſcorbutiques prenoient chaque matin une certaine quan- 
tite, ſuivant leur age, de petit lait ou Von avoit infuſe des plantes antiſcorbu- 
tiques, comme cochlearia, naſturtium aquaticum, becca bunga, acetoſa; cette in- 


ſouyent pendant la journẽe d un gargariſme fait Pune infuſion d herbes de rhue, 
de ſauge, d agrimonià dans de Peau, à laquelle on ajoutoĩt de Feſprit de cochlearia, 
et du miel roſat. Lorſque la gangrene ſe manifeſtoit' à la bouche, outre les 
remedes que je viens de rapporter, ils prenoient une forte decoftion de kinkina, 
J zjoutois auſſi de cette dẽcoction au gargariſine, Je faiſois toucher les parties 
$angrences avec du miel roſat, au quel on avoit mels un peu deſprit de ſel marin. 
Vor. LXVIII, — 0 oO 
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fuſion Etoit ẽdulcorẽe avec un firop ſimple ou du facre. En outre ils ſe ſervoient 
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This method of treatment had ſucceeded perfectly 
well the three firſt years; inſomuch, that the greater 
part of the ſick, as well adults as infants, were commonly 
cured in the ſpace of three weeks or a month, when the 
diſtemper was not far advanced. It was in ſpring and 
winter that the ſcurvy uſed to be moſt fatal. 

In autumn 1770, the foundling children, who re- 
mained in town to the number of a thouſand”, were 
lodged, contrary to my advice, 1 in the wing of the houſe 
finiſhed but about a: year ſince. In a climate where the 
ſummer is ſo ſhort, new walls made of bricks take 2 
great time in drying, and this houfe was fituated- on a 
ſoil which had been a beg a few years before. Notwith- 
ſtanding all the poſſible precautions that could be babe 


05 The omme the fucking children were at nurſe in the country. 
damp 
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Ce traitment m'avoit rẽuſſi les trois premieres annees, de ſorte que preſque 
tous ces malades, tant adultes qu enfans, guerifſoient ordinairement dans Vel- 
pece de trois ſemaines ou un mois lorſque le mal n'etoit pas fort avancẽ. C'tait. 
en hiver et au printems que le ſcorbut faiſoitle plus de ravages. | 1 

En automne 1770 on logea, contre mon avis, tous les enfans trouves, . qui 
ẽtoĩent en ville au dela de mille (c), dans.Vaile de la maiſon: achevẽe depuis un 
an. Dans un climat oa Vets eſt fa court, les murailles neuves, faites de: briques,, 
ſechent difficilement, et cette maiſon ẽtoit ſituẽe dans un terrein qui-ayoit ẽtẽ un 
marais quelques annees auparavant. On ſentit pendant tout Thiver, malgre 


70 La phs pars ds Cie il mamell Evens en nete Als campagns. 
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damp was felt in the room the whole winter. The ſcurvy 
ſhewed itſelf early in the ſpring, and I had many more 
children ill than I had had the preceding ſeaſons. The 
violent ſymptoms were likewiſe much more frequent. 
Many had gangrenous puſtules at the mouth, the jaw 
bones were Carious in ſome; the limbs, particularly the 
legs of many, were drawn up and ſtiff. 
| Tputalltheſe ſick perſons i in the wooden houſe, which | 
| had already ſerved many years as an Hoſpital for the 
ſcurvy, and gave them the food and medicines above- 
mentioned; but the diſorder was more ſtubborn than 
ever it had been, and all I could do could hardly keep it 
down. In the middle of May, ſeeing that the remedies I 
had formerly tried were unſucceſsful, I began to think 
of other methods. The reflections communicated above, 
- which 
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tout ce qu'on put faire pour Tẽviter, de Phumidite dans les chambres. Le ſcor- 
but commenca a ſe manifeſter de bonne heure, et j eus beaucoup plus d enfans 
ſeorbutiques que les annees precedentes;z les ſymptomes violents Etoient auſſi 
plus frequents, Pluſieurs eurent des puſtules gangreneuſes dans la bouche; 
quelqueſuns les os des machoires Caries; | d'autres les membres, ſurtout les 
Jambes, retires et roides, 

Je mis tous ces malades dans la maiſon de bois, qui ayoit deja 1 pluſieurs 
annees Thopital aux ſcorbutiques; je leur fis donner la nourriture et les remedes 
dont Jai fait mention. Le mal ẽtoit plus opiniatre, et tout ce que je pus faire 
ſervoit a peine a en rallentir les progres. Vers le mois de May, yoyant que les 
moyens employes les annecs precedentes, ne ſuffiſgient pas pour guerir cette ma- 

402 ladie , 
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which I had made upon the diet of the lower people, de- 
termined me to give my patients thoſe vegetables raw 
which they had before been uſed to eat boiled. In con- 
ſequence thereof, I ordered them, every mornin g/ ra- 
diſhes, ſweet turnips, carrots, and young onions, which 
they eat like apples. At dinner, beſides the ſoup and 
greens as uſual, they eat ſallad with a little vinegar and a 
very little oil; in the afternoon the ſame roots as in the 
morning, and at night, greens and ſallad. The remedies 
were continued as before. In a few days all the bad 
ſymptoms decreaſed: thoſe who were at the worſt, and 

Had been ill for ſome time, began to grow better; thoſe 

who! had been but Mighty ſeized were ſoon well, ſo that 

at about a month's. end. there only remained 2 few of 
thoſe who had been the worlt, and they too were getting 


well 


ladie, qui Etoit plus enracinee, je penſai à differens autres remedes, Les re- 

flex: ons que j'ai communiquees cy deffus au ſujet de la dicte du bas peuple, me 
determinerent à donner cruds a mes petits malades les vegetaux, qu ils man- 

geoient cuits. Je leur fis done donner chaque jours le matin des raves, des navets 
doux, des carottes, de jeunes oignons; ils les mangeoient comme des pommes: 
A diner outre la ſoupe et les légumes comme i Fo:dinaire, ils avoient de la 
falade avec un peu de vinaigre et fort peu d huile: Paprẽs midi les memes racines 
que le matin, et le ſoir un legume et de la ſalade. On continuoit les memes 
rẽmedes qu'avant. Aubout de quelques jours tous les ſymptomes diminuerent; 
ceux qui ẽtoient le plus fortement attaques, et languiſſoient depuis pluſteurs 
mois, ſe trouverent mieux et commencerent a guerir; les moins malades ſe remi- 
rent en fort peu de tems, de forte qu'au bout d'un mois il ne me reſtoit plus 


dans 
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yell at a great pace. This change for the better was ap- 
parent in all a very few days after they had begun to eat 
he raw greens. I had not at that time read the obſerva- 
ions of the Engliſh phyſicians and ſurgeons on malt, or 
I ſhould certainly have made uſe of it. 2xas, which I 
have mentioned above as the principal drink of the com- 
mon people, comes near it, with this difference only, that 
it is not drunk in a ſtate of fermentation. It is a ſpecies 
of ſour ſmall beer, to W inſtead of E hops, they add. 
the wild mint. 
The ſame method of treatment was attended' with. 
fucceſs i in 1772 and 177 33 in both which ſprings I had 
ſcorbutic patients with the ſame ſymptoms, but not in 
fuch numbers as in 1771 (when there were near fixty): 
becauſe the houſe, having now dried, was become very 


wholeſome, 


EK— EI 


dans cette partie de Phopital que quelque ſuns de ceux qui avoient été le plus 
mal, et qui ſe trouvoient- alors en parfaite convaleſcence. Ce changement en 
mieux fut viſible chẽs tous des qu' ils eurent mange les lẽgumes cruds pendant 
quelques: jours. Je n'avois pas encor alors lu les obſervations faites par les mẽde- 


| eins et æhirurgiens Anglois-ſur. la dreche, ſans quoi je naurois-pas manque d'en | 
faire uſage. Le quas, dont jai parlé plus haut, qui fait la principale boiſſon 


es du peuple Ruſſe, en approche, exceptẽ qu'on ne leboit pas dans “tat de fermen- 
es WH tion: c'eſt une petite bierre aigre, a laquelle, au lieu de — on ajoute 
t; de herbe de menthe ſauvage. ö 


Le meme traitement me "<ulfit au printems de 1772 et 1773, ou j'eus comme 
toutes les autres annees des ſcorbutiques avec les memes ſymptomes, quoique pas 


un fi grand nombre qu'en 1771 ou il y en avoit pres de ſoixante, parce que la 
maiſon: 
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wholeſome, and becauſe the foil had been * conſ. 
derably raiſed, 
1 ſhall not propoſe carrying out vegetables on a voyage 


for the whole crew, becauſe that, in order to preſerve 
them, they muſt be kept in dry ſand, which (if not alto. 
ther impracticable) would be extremely difficult in ſuch 
large quantities, not to add that even then a great part 
would be ſpoilt: but might it not be poſſible to provide 
a certain quantity of carrots, turnips, 8c. and ſtow them i 
in ſand, in a part of the ſhip where they might not be 
: expoſed to get damp or wet, whence they might be given 
in ſuch caſes as the ſour-krout alone would be found in- 
faſkicient to cure? for I am apt to think that theſe greens, 
joined to an infuſion of malt, would ſoon get the et- 
ter of the diſorders. 3 


But 


* a — — 


. ayant che entierement t devine fort ſaine, et que Templacement fut en- 
core rehauſſẽ de beaucoup. , 

Je ne propoſerai pas dembarquer ſur les vaiſſeaux des vegetaux frais pour tout 
Pequipage, parce que pour les conſerver il faut les tenir dans du fable ſec, ce qu 
ſeroit, fi non impoſſible, du moins tres difficile pour une ſi grande quantite; et 
que meme malgre ces precautions pluſieurs ſe gateroient. Mais ne pourroit on 

pas en ſe ſervant de la ſauer-kraut pour la conſervation de la ſante des marins, 
mettre auſſi une certaine quantite, autant que la grandeur des batimens et les 
autres circonſtances le permettroĩent, de radis, de carottes, de navets, et d'oig- 
nons frais dans du fable bien ſec a Pendroit du navire ou l'eau et Phumidite ne 
pourroient pas penẽtrer, afin de donner quelqueſuns de ces legumes a ceux, qui 
malegre l' uſage de la ſauer- kraut prendoient le ſcorbut? Je crois que ces legume! 
et Pinfuſion de la dreche les rẽtabliroĩent bientõt. 1 
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But if this cannot be ſo well done at ſea, it is obvious, 
that the cure of the ſcorbutic perſons will be much ac- 
celerated, if raw greens are given them as ſoon as they 
come on ſhore; a mode which will have the additional 
advantage of ſhortening the ſtations ſhips are obliged to 
make, for the recruitin g their ſick. Nature will of her- 
ſelf diſpoſe the ſick to make uſe of this remedy, eſpe- 
cially as I have obſerved that the ſtomach is never af- 
fected by it. 

In Auſtria, as well as ſeveral other phat of Germany, 
the people eat ſour turnips, which are prepared i in the 
ſame manner as the ſour-krout: that is, after havin g been 
chopped thin, ſalt i is put to them, and they are left to 
terment. They are put in tubs, and keep from one year 
to another... I propoſe this vegetable « as a valuable addi-- 
tion: 


__ _— — . I I 
— - 8 


Si cela weſt pas pratiquable quant aux vaiſſeaux en mer, il eſt aiſẽ d'en con- 
clure, que, lorſqu' on met les ſcorbutiques a terre, on accelerera leur gueriſon : 
en leur donnant a manger cruds les legumes qu'on trouvera; ce qui, outre- - 
Tarantage de guerir cette maladie plus ſurement, abrẽgera les ſtations que les 
navires ſont ſouvent obligẽs de tenir pour remettre leurs ſcorbutiqucs. Il ne 
ſera pas difficile de perſuader à ces malades de manger les legumes cruds; la nature, 
notre meiileur guide en tout ce qui concerne notre conſer vation, les 5 porte, 
et pᷣaĩ obſerve que leur eſtomac ne sen trouve pas affect. | 

En Autriche, et dans pluſieurs autres parties de Allemagne, le peuple mange 
des navets aigres; on les prepare de la meme fagon que la fauer-kraut; les 
ayant hachẽs menus on y met du ſel, et on les laiſſe fermenter. Ils fe conſer-- 


ent tout l hiver, et meme. Tune annee. a Vautre, dans des tonneaux. Ce lẽgume 
2 eſt 
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tion to the antiſcorbutic regimen of ſea-faring people. lt 
has nearly the ſame taſte as ſour-krout, and will, I be- 
lieve, be formd to have the ſame virtues: and if ſo, 
though it ſhould have no other advarſtage, it will at leaſt 
vary the diet, which i 18 itſelf no inconſiderable — 
on alon 8 2 


Dr. DE MERTANS's OB/ervations 


eſt une addition que je propoſe à la diẽte antiſcorbutique des gens de mer; il a 
preſque le meme gout que la ſauer-kraut, et je crois qu'il aura les memes vertus, 
Si cela eſt, comme je le penſe, ce ſera au moins pour changer de tems en tem 


de meta, ce qui n'eſt pas un petit avantage dans un voyage de longue durẽe. 
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r UW OETEIERNE arght ny” Dr — — 8 _ -. hy = V4. A. — TT nt ati 
« C . «i * * 1 — S ws > * — — * 
— 
*&7 watts \ 2 = 11 — - 
| Ty —ä— — « — * 3 w 5% BE 23 — < % _ Fa * 2 _ 9 — - 
2 — 


C 681 1 


XXII. Compariſon between Sir George Shuckburgh and 
Colonel Roy's Rules for the Meaſurement of Heights with 
| the Barometer; in a Letter to Col. Roy, F. R. S. from 
| Sir George Shuckburgh, Bart. F. R. S. 


To COLONEL ROY. 

S I Ry = . = ax 

Read May 7, QINCE the printing of your ingenious 
= "wi" — memoir on the- ſubject of meaſuring 
heights with the barometer, I have been naturally led to 
a compariſon of your rules and obſervations with my 
own”; and herein am not more pleaſed than ſurprized at 
che general correſi pondency of our reſults, which carries 
with it the appearance of one and the ſame ſeries of ex- 
periments, rather than of diſtinct obſervations made with 


ferent perſons. That the ſtandard temperature or zero 

on the ſcale of the thermometer ſhould be found by each 

cf us to fall in the ſame point to within one-third of a 

degree is, I think, truly ſurprizing; and I doubt not will 

evince to Mr. DE LUC the ſtrong probability there is of 
(a) Vide Phil, Tranſ. vol. LXVII. = 

Vol. LXVII. © 42 the 


different inſtruments, in different countries, and by dif- 
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the neceſſity of correcting his rules. But although i 
this efſential and fundamental part of the inquiry v 
agree, there are, nevertheleſs, ſome little circumſtanca 
wherein we differ; it is the ſubject of this letter, s IR, t 
point out to you the degree of our differences, a compu, 
riſon that I had the pleaſure ſlightly to exhibit to you: 
few days ago, and which I truſt will not be found unim 
portant to thoſe who may be engaged in theſe purſuits 
if, therefore, you judge theſe remarks of ſufficient mo- 
ment, I will beg the favour of you to lay them before the 
Royal Society, as the beſt 1 means of communicatin g then 
to the public. 0 
The two chief cauſes of our difference are, the expan- 1 
fion of quickfilver and the expanſion of air. T ſhall de. 
gin with the equation for quickſilver. 
„ mean temperature of ordinary barometrical 4 1 
ſervations, EL apprehend, will generally be found to lie 
between 40? and 70 on FAHRENHEIT'S thermometer 
now the mean expanſion i in this range, according to your 
obſervation, is ,0323 inch on a column of 30 inches for I 
10 of heat; by my table it is only ,0304 inch, the dif⸗ 
ference 200 19 inch is equal to about 20 inches in the 
reſult of the height, when the temperature of the two 


barometers differs Io, and this may reafonably be ex- | 
pected only in a height of 3000 or 4000 feet. In an | | 
obſer- 
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obſervation on Mount Etna, one of the greateſt acceſſible 
hei ights in Europe, the difference of temperature at the top 
and bottom might amount to 30, and this would occaſion 
a difference of about five feet, which, I apprehend, may 
be reckoned inconſiderable i in a height of I 1,000 feet. 

In fact, in an obſervation on this mountain by Mr. DEs- 
SAUSSURE it amounted to only 32 feet. I may add, that 


your equation- makes the computed height leſs than 
mine. 


I proceed to the expanſion of air. Your equation is 
various according to the circumſtances, the difference. 
therefore of our reſults will, accordin g to the circum- 
x ſtances, be various. The following table will give the 
| quantity of this difference, VIZ. it ſhews how much your 
reſult is + or mine upon one thouſand feet, according 

S to different preflures of the atmoſphere and different 

1 temperatures. | The firſt column to the left hand con- 
tains the mean heat of the column of air between the two 

; barometers; the fi gures in the Horizontal line at top are 
the mean height of the two barometers, or mean preſſure 


1 = of the atmoſphere; the common point of meeting in the 


different columns gives the difference of our reſult in 
feet, according to the reſpective circumſtances. 


4 P "= Mean 


— 


684 Sir d. $HUCKBURGH's Letter to Col. ROY on 


S „ 1 1 . *— : — 8 * * — 


Wean = 255 3 

| heat. | Mean height of the two barometers } in inches, | | 
| O 30 | 29 | 28 | 27 | 20 | 2c: 24 23 | 22 1 

| 32 00 

1 42 +1 | 0 

52 |+2| © 

62 [+5 [+2 
1_72 [+8 E 


Thus, if the mean bei ght of the mne were 27 
inches, and the temperature 52*, the difference of the 


reſults would be four feet in a thouſand; how far, there- 


: fore, this is of moment is left to the judgement of the 


obſerver. I conclude laſtly, six, with a compariſon of 
your actual obſervations made in Great Britain computed 
after my tables, deduced from a ſeries of obſervations 
made in Savoy. I have indeed only collected ſixteen of 


your obſervations; but as I have choſen ſuch as preſented 


themſelves as moſt proper, either on account of their 


heights or temperatures, I | imagine theſe will be very 


- ſatisfactory. 


Place 


ä 
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x Z3> ' By my tables, | By Col. rov's tal les. | =] 
Place of obſerva- | 3 25 | ———— —U— .. —— |] 
uon. | 22 - Computed| Error Error on fe ompur e Ferro Error on 3 
E35 | height. ſin feet. ro teetf height. ſin feet 1000 feet. ='s | 

1 * | S — Y | 

Station at Weem 5 — 1 | 

and top of Bol- pj1076 5 1074.2 — 2.3|— 2.1 075.5 — 1.0|— 0.9584 
frack A 3 | wy EN. . 
Ditto ſtation 440 1240.6 = Hay; + < | 
potDullenig | [24452496 |= 39]= ft en „es 
[Ditto ſtation and 1 oy 1 

| South obſ. on 2098.0 2096.0 — 2.0]|— © 9 2091.3 — 6.7 — 32 524 | 

| | Schehalhen, * | 1 . „B Eo Ws: [= 

Dicto ſtation a 8 . 

Weſt ſi it of 32 1.0 3292.5 111.5 + 3.5 3279.0 — 2. ©. 504 | 
| r p — 3261.3 — 19.7 * 6 1182 $2.5|— 29. LY has 8.9 407 | 
Carmichael well 1642.5 1653.6 711.1 +67 1646.9 T 4:4|+ 2.7 |544 | 
and top we — 1645.0 + 3-5|+ 2.1 1042.7 |+ 0.2|+ O. 148 
Level of Hank] + I PE S: | 

-. on Arthur's . . 7er + 1.8 + 2.5] 703. Cc | 
Baſe of Hawkhill > F E 

Obſervatory and 6540 684.1 T 9.107 9.1 686.7 [+ 

bottom of the ([} —— | 68544 + 1.4|+ 2.0] 687.0 

{mall rock, 7 | — * 

Hawkhill garden- 7 . I 

door and bottom 730.8 723.0 — 78 10.7 721.8 

of the rock on [| —— 745.8 15.0 20.6} 748.4 ＋ 
I Sean; 31 {3 - x4 1 
Linkouſe aid Eaſk 1 | 5 VVV 1 

Cairn hull, | | 1376.6 I 182.5 + $-9|+ 5.0 1180.0 + 

arnarvon Quay E ö | } 

and Mioel E ilio, 237 1. 2397.4 26.4 + 11.2 2395-3 

arnarvo 1 
and Bt 3555: 3563-1]+ 8.1 ＋ 2.3 3551.3 

Snowdon, | _— zz = 3-5 |— 1.0 3548.4 
B : 3 Mean error ＋ 2.0 Mean error 
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Thus it ſeems, that the error of my tables, from 
mean of all theſe obſervations, amounts tO + 725555 Of 
yours, to + reg: but it muſt be remarked, that the ſtan- 
dard temperature, from whence I compute, is 31%, 24 of 
FAHRENHEIT, whereas in your computations it is aſſumed 
at 325, o; this difference of o „76 is equal to 75577 in the 
correction for the expanſion of the air: if then we were 
do ſet out from the ſame zero, wiz. 325 (which I have 
| propoſed, ſee p. 569. of my memoir, Phil. Tranſ. vol. 
LXVII.) the error of my tables, n to your ob- 
ſervations, 1 become only resse, that of yours re- 
maining 888 1 would by no means from hence con- 
clude, that any preference is to be given to the former, 
but would ſay, that in moſt practical obſervations, in 
theſe countries at leaſt, it is indifferent which method is 
uſed. Theſe ſame compariſons alſo afford us another 
piece of i information, viz. that under ſimilar conditions 
the denſity of the atmoſphere | is the ſame, whether un- 
der the parallel of 46 or 56 degrees of latitude. Till 
therefore, more accurate obſervations than thoſe of Mr. 
BOUGUER (can be obtained in the neighbourhood of 
the 


(a) Mr. rBouGUeR's obſervations I hold inadequate in ſuch an inquiry, not 
only on account of their incorrectneſs (for they are related only to the 4 of 2 
French line), but particularly inconcluſive, allow them all the preciſion. you 
pleaſe, as they were not ſynchronous; inſomuch, that we are uncertain whether 
thoſe obſervations, which ſhould be correſponding in point of time, were made 


within fix months of each other : and with regard to the temperature of ſome ol 
then 


\ 
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the equator, I ſhould be extremely cautious how I ad- 
mitted a latitudinal equation; nor do I think the ſingle 
obſervation, related in The Voyage towards the North 
Po'e, of no authority i itlelf to eſtabliſh ſuch a 
theory upon“ 


them we are ſtill more at a loſs, having a range of no leſs than 38? to aſſume 
it in (vide Voyage au Peru, p.29.). The mean, however, of his five obſer- 
tions, according to my computation, would bring the zero of the ſcale to about 
| 40? of FAHRENHEIT: but till it can be proved, that in this uncertainty of 
38* we have, in fixing upon the mean, got the true temperature to within 8*; 
and alſo, that during many months the barometer in the ſame place had never 
altered a ſingle line: till then, I fay, no fair concluſion, in point of theory, 
can be drawn from theſe experiments, for with ſuch ſuppoſed errors or varia- 
tions the Peruvian ob ervations will agree exactly with thoſe in this climate. . 
() It ſeems extraordinary, that the heights of the quickfilver, obſerved on 
the ſea-ſhore with one of Mr. x amsDEn's barometers, ſhould differ a quarter 
of an inch from the height of the fame obſerved the fame day, and almoſt at 
the ſame hour, with Mr. naiRnt's marine barometer on board a ſhip (vide p. 
135 and 148. of The Voyage towards the North Pole). This difference, there- 
fore, I think remains to be explained, if the experimen: is to be made uſe of in 
this inquiry; for this ſame marine barometer, compared a few days ago at Mr. 
18BETSON'S, ſecretary to the board of longitude, with one of my own, that I uſed 
in Savoy, agreed with it to within 0,04 inch. It may alſo be remarked, that 
Lord MuLGRAVE's obſcrvation in lat. 79? 44 brings the zero to about 64”; ſo 
that between the lat. $6? and 79 (equal 23*) the zero of the ſeale moves 
through a ſpace of no leſs than 32; whereas, between the lat. 40 and 56? it is 
perfectly ftationary, at leaſt as to ſenſe, having al ered only one-third of a 
degree: which great want of proportion, I think, is of itſelf ſome argument 
againſt the exiſtence of ſuch a latitudinal equation. Moreover, Mr. BovGUER's 
obſervations brings the zero of the ſcale on the fame fide of 32* with Lord 
MULGRAVE's, viz. to about 40?, fo that, if any deduction is to be drawn trom 
theſe obſervations, it is, that the air, both at the equator and at the pole is heavier. 
than in middle latitudes. which is no very probable conjecture, and, I appre- 
hend, more than is intended to be proved. I ſhould have «tked parden for the 
treedom with which I have diicuſſed this inquiry, were I nat atfured that the 
acquaintance and friendſhip of my Lord MULGRAVE, which | have experienced 
for ſome years, wul lead him to attribute it to its proper motiyc. 


I thall 


— 
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I ſhall now beg leave to conclude with what I flattei 
myſelf will not here appear improper, a new rule for 
reducing the obſervations, and which I hope will be 
found particularly commodious, as it requires no loga- 
rithms, nor any other than the following ſhort table, 
which may be engraven upon the ſcale of a thermome. 
ter, and therefore, always accompanying the inſtrument, 
will ſerve for computing the obſervations upon the ſpot, 
Gf the height ſhould not exceed 4000 or 5000 feet) 
which, | apprehend, will frequently be found very ſatiſ⸗ 


The adjoined table gives the value 
8 of eth of an inch on the barometer 
in feet in the atmoſphere, when the 
4 quickſilver ſtands at 30 inches, for 
every five degrees of temperature 
from 32 to 80*; and for any other 
height of the barometer it will be in 
the inverſe ratio of that height to 30 
inches. Thus, let a be the mean 
height of the two barometers in 
inches; à the difference of the two 
barometers in toths of an inch; g the number taken out 
of the adjoined table; x the height in feet; we have then 


The valve of one-tenth of an inch of quick- | 


according to the different 


*** 


ſilver on the barometer, expreſſed in feet in | 
the atmoſphere when the barometer ſtands 


at 30 inches, 
| — 


—— 


the following expreſſion, = =x, the height required. 
I have the honour to be, &c. 
eie 


Fo { 
4 | \ | . , / s * | . | - a — b 
; " * * 9 5 | = * - » 


xxxm. 4 Account of the Calculations made from the 
Survey and Meaſures taken at Schehallien „in order 10 
aſcertain the mean Denſity of the Earth. ® Charles 
Hutton, 200. F. R. S. 


HE ſurvey from which theſe calcula- 
tions have been made was taken at and 
about the hill Schehallien in Perthſhire, m the years 5 
| 1774, 177 5, and 1776, by the direction, and partly un- 
er the inſpection, of the Rev. NEVIL MASKELYNE, D. D. 
r. R. s. and Aſtronomer Royal, by whom the manner of 
| making the ſurvey has already been fully explained in 
the Philoſophical Tranſactions for 177 3. 
11 have therefore only to give an account of the mea- 


W Read May 21, / 
; mw. 


ſures of the lines and angles, and of the calculations 
which 1 have raiſed from them with all poſſible care and 
= faithfulneſs, for the purpoſe of determining the meaſure 
Jof the ratio of the mean denſity of the earth to that of -- 
vater or any other known matter. 

; Theſe calculations were naturally and unavoidably 
| long and tedious; and the more ſo as the buſineſs was in 
| a manner quite new, which laid me under the neceſſity 
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of the meaſures which were taken of the lines and an- 
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* 


of inventing and deſcribin g ſuch modes of computa. 


tion as ſhould be proper to be applied in fo important] 


and delicate a buſineſs. Having, at length, with cloſe 
and unwe aried application for a conkiderable time com- 
pleated all the calculations; 1 have, in the following 


meets, drawn up an account of thoſe operations, „ With | 
the reſults ariſing from them; and have accompa-· 
nied them with ſuch drawin gs as are neceſſary to il 


luſtrate the deſcriptions. 


I have alſo inſerted a fynopſi ; 


gles, from which any perſon may at any time fatisfy 
himſelf of the truth of the computations that have been 
made and are herein deſcribed. Theſe meaſures I have 


here immediately fubj oined, bef ore I proceed tc to ien 


the computations made. from them. 6 


n Wes. Y 3 "NYT." £4 
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4 ſynopſis of the horizontal and vertical angles that were 
obſerved at the principal points in making the a 
about Schehallien. 


In the firſt column are contained the names of the 
Y horizontal angles, the meaſure of which, in degrees and 
minutes, are in the ſecond column, and the vertical 
angles are in the third column, in which it is to be ob- 
| ſerved, that the letter denoting t the object i is placed before 
the degrees and minutes, and E or D after them, to ſhew 
that they are in elevation or depreſſion reſpectively. 
re mark x placed to the meaſure of any angle denotes 
| that it 1s the mean of the two obſervations made with 
me inftrument turned different ways; namely, after the | 
firſt obſervation, reverſin S it to make the ſecond. Alſo 
che mean height of the theodolite is put down to each 
ſtation. In the vertical an gles, the bottom of the object 
f is underſtood, unleſs where the top is me ntioned below, 
and ſometimes the height of the + pole is added in feet ö 
and inches. 8 
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At A 


" Theodolite = 4 ft. 10 in. 


C 4 


| 1 

| DAB 31 15 

| DAN 77 30 | 12 228 
| DAO 102 366 | o © 58E 
pax | 134 315 my 

| Nac |] 83 133 | N 12 20E 
| NAO W 4 | 

| 048 3 #7 IS | 5 5 25D 
v Le. 


101 41 


| 139 9 


as 
| iff. od * „ 


* 


| 


95 15 


85 311 
49 10 F- | 
"$29 -- 


1 


| 


| 


— ed 2 


"Theodolite = = =4 f. Ar in. 
| 226 6 
| 93 34 


N 10 4OE 
N 10 39E 


A 1 15E 
G 3 17D 


F 3 24D 


— 


At 2 


. GFW 


GFK 


GFN 
| GFD 
_ HFG 
Are 


| 
| 


— 


3 


60 41 | 


"Theodolite| = 


17 27 = 
76 74 
103 574 | 
172 54 | 
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Arn | 1 __ n e OR Ae e 
N 3 89 4 re 10 & 561 
GHF | 2 54 G 2 59 E 1 | 
cup | 1 , A "We ION 

4 5 6 WLK 60 33 | K 10 24145 
NHG | 49 * 4 42 8 | „ 
NHK | 29 17 f | 


| = | | | t WAY. 1 15 38 * 3 O * 30 D 
(HW | IO] N 14 1 4 1 

N | 2] 43 | * 39 | OP WLVv. | 126 581K v O* 3515 
4 4 . WLY | 140 593%| Y. 2K 35 D | 

iD | 65 59 K 12 ©6.E top et ad at 
Fs I | | 3 583*| F O & 384E f 

ä | wiz | 6212 & * 10K 16 
1 38 26 FW $: -& 8 | ie” bh = 


WH 96. 14 r 5 2 39 K top „„ 5 2 | 
LING ST 19 © mn FOI E” Rog 
| WHG | 157 2542 9 2 55 E At vr | Theodolite = 4 fr. 81 in. 8 


TYK hy 231%| K e * 


r 1 — * 9 
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Theodolie = = 4 7. 45 in. 


130 40 ; | r 5 43 E top TA 5 8 ad ”. IN | 
| 120 41 | „ | ” 28 1 
img} 441 | e 3 „ * 99" 
ro 178 E NOW. | 32 $2 * 3* 32E 
a | 193 13 | a % 1 | © 4016] x 10ngy'n | 
— vx 82 53 * K 10%29 E | 
| Theo = = 4ft. gin. VyYN | 90 24 *| * 9* 361 
EAST = = 3 3 


” 4 un [iro 116 52 * „ 1%35] | 
139 323 * 1 2 35195 vyn | 126 57 * H 1% OE | 
r 
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wie | 28 12 r 421 | | 


— 38 12}* f n ; | | — — £2 * * — 
1 8 5 | | * — — — — — b 


1 2 


Mr. HUTTON's Calculations to aſcertaiu 


—— 


/ | i heodolite = 4 ft. 11 in. 


6: 
17 254 * 


17 25 * 


34 244 *| 
70 43 * BE 


71 231 * 


1 24. ®| 
| 212 324 K 
119 57 * 
227 515 
| 147 50 * 


0 7 
2 2 281 


2 & 26 
U 2K 471 
9 * 10 E 


9* 51K 


9% 53 


W O * 251E 
L OX 34 


Y 3* 3145 
3% 2825 
To 6 * 


—_—_— 


117 21 K 
134 43* 
144 27K 


4 
3& 825 


2 * 3145 
3 5645 
2 # 454 


& i < «a 


| 
| 


1 
4 
= 
| 


— 


+ Sp 


n + 


| 


. 
* 
? 
N = 
' £ 
i | 
3 _ 
k | : 
1 ( 
1 
- 
| = 
l U 
| ' 
4 [ 
4 = % 
\ i y 
& 6 
: i 
1. 1 . 
Fi 
94 ' © 
FI, 
{} — 
N q i 
N 1 
FT 1 „ 
- ö | 
34 4 i : 
M14 [ 
: , 
| i 
' j ; 
* i 
1 
* o 
- 1 N 
19 + 
1 t 
; , 
[ 
* p 
* „ ! . 
: 
4 * 
LY * : 11 
1 q y \ 
; 1 
* | 
} I 
4 I 
1 
o 
FF 2 
i: 4 
EF 0 7 1 
. 3 
1 I 
> : * U 
1 11 
g ; fo 
2 . i 
id 
=_ b. 
LE 
7 
5 
Po 
4 ; 
9 A 
b * 
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1 Theodolite = 


18 411K 


30 - 1 * 


116 133 * 
| 133 312*| 


18 41 * 


48 43 * 


| Theodolite = 4 ft. 64 3 in. 
8 o 50 D 
A 14 584 


48 Gn * 4 4 8 wil 4 


= 4 * 10 in. 
oz 82D 
O 2712 
331 2 


o & 30 E 


3* 312 


18 204 K 
28 543 * 
| 124 42 & 
125 93 x*| 
128 21 
1 
160 371 * 


— » — 


Theodolite' = 4 ft. 10 in. 


1 3432 
v 2K 51 5 
O 4% 1 
N 10 K 1322 
x 10 * 55 

A 14 36422 
„ ; 3% 38 D 

2 2K 519 


* —— 


3* 49 
2 10D 
2% 6 D 


9%42 E 


3* 5%» 
0 7 


oRxA 
o xs 

IMP 
1 


— 5 5 

4 ie 
At s 
Isa 


RSA 


RSN | 
| | no | 


RSX 


| 139 224 +| 
174 59 * 


| 18 28 | 


90 58 |. 
[x90 * 


x | Theodolite = 4 ft. 7 in. 


A 4%15 E 
s OX 4448 
v 10% 4988 
2 1K 4822 
| 0 I1% 134 


2 


40 So 
53 20 K 


dete a. 9 in. 
18. 27 A 5 24 E 
.| A .5 201 
| wn 18 
0 13 
X © 


72 f 40 K 
1945 


5545 


An © 24 E 


At 
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Ac FEAT = FEI 5 In. 1 I ; 1 
fog | X02 23 384 * 2E 4X O 
yy — 0 4 1 | x I1%18 D 
KRN | | MOR 16 364 K R 12% 31D 5 
B”'RA A 6273s | MoB”| 47 23 & B” 9% 301 
E N 19 K 1728 | Moa 73 322 & A 1% Oo 
B. AO 1 9 11K 574 MOB 31 22 B 1% 12D top 
BAA“ 100 144 %| a' 20% 2 E | Mon 134 39 1 . 
Pag 121 273%| & 1K 11 . 
1 [177 39 | [I moe? | 156 34 33 4715 top 
* 'Rz | 286 533%| 2 O&K 46 E [Mog | 125 45 * 7 21K 292 5 
| | 
its r 173 63 * 0 12 29 E | Moz 65 52 & 2 4* oO». ] 
I | 4 4+ Þ | 
At» | Theodolite = 4* 10K. Mox | 42 131 & x 11%19 I 
the W. ende | 9 | | pany 
_ S. MOs 5 6 341 * 8 13% 224 | ö 
5 3 3 > M is in the meridian paſſing through o, and is al 
f nn"'s j- © 552 | „„ little South of the interſection of chat meridian 
1 | | Tp | and the line RS. | 1 | 
1e 36 81 8 10#24 = |——— —— 
| RBO 37 27 % 0 7% 35¹¹ͤZ At #7 | Theodolite = 4 ＋ "© in. | 
| RB“ 5O 491 * 4 15 & 48 E |[ſervatory.| 
n | 65 465% „ 33 * 71 46 35 
% 130 23%| a 11 K l 0 | 179 ss o 5: 320 | 
— ene on er ny os 7 05 449} = 75 hp 
Atto Theodolite = 4 ft. 7 in. | GPW . 69 od %| W 537 D 1 
| at 7 1 - | | 5 282 : ' 
. IorL |. 80 94& L 4K 272 
| XO$ | 35 39 * 0 13% 251 1 cer! | 20 54 K x 5* 6 D 
ko | 42 123%| M13% 122D | cpm | 38 184 * m 12420 D | 
"” 58 494 *| 1 9 ye?) | 45 39 Ich reduction 
, xoB'" 89 35 K “ 7 39 [ym | 2 551 [J 
oa | 115 431K A O#59 D | y fromy bears 30941'ZE. of RE 
| | from Þ bears 14 57 W. of South. 
[| XOU N 2 39 - 5 Sul | © 4 42 | m is Mr. MASON'S mark. — — 
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I At k 


Fat | Theodolite = 4 ft. 11 In. | Theodolite = 4 R. 8 in, © 
baus | he Eaſt- | 
4 0 3 $: mo uo | 44 51] 
KNR | 74 40+ — | NER | 64 51 
KNP 50 475 | NEP | 51 543 
xn” | 9 374 _— ; 
Aa 
KNA 133 Ss * A 12K 21 1 
| xxs | 146 py _ 3 in, 
KNC | 178 301 * c 10% 4D f J | 0 10% 1445 I 
kxD | 172 51 & D 10 * 39 vp ke | 55 12 4 10 a» | 
kun 144 374 K 1 4* 30¹⁰ IxkR 81 28 | . 12 7 b top 
| awe 98 23 & 6 16K 55 D top! | I Pole 6 ft. 5 in. 
„„ 1 e e, NKH | 81 273+| H 12% 515 
un | 7 4 » a2ng 
* 64 "T7 bs = 10555» NKL 10 193#| L 10% 25 Dt 
{| «NW [ 56 22 * W 12% 35 pop # | A Pole 6 ft. 8 in, 
3 . : was wn ws. eee 1 1082350 
| xxy | 18 50 K r N NKv | 174 20 K V 9% 510 0 
K 2 15 & 7* 305 and | 156 18 F.- 3 34 non 
| xneE | 1 152%| 6 * 3845 e | 33. 3- * id 643138 | 
1 xnd | 9 371K 7 6K 2515 e 
ku | 41 44 v 10 K top uxF |, 6 2+4%|7 enen 
| «Ns 60 44 ls $ 18%41 D n | 54 263 | 10 33D | 
«nn | 74 483%] 1 19%20 Þ f | $4 25 % 1% 32D | 
} «NB"} 104 30 & 817 * 3545 | 39 16z%|8 8 58 
Sn |= 6+43jvwp| © | 37399 [© 6 322 | 
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Arn | Theodolite = TR. 9. 
. cairn. | 
108 501 * x 6x405D | 
128 351 K 8 13% 73D | 
128 551 & F' 14%103FD | 
| 135 40F*| y 12429 5 
| 73 55 5 mou „„ 
| 38 281 K U 1 42 D 
102 544 | .) 3 b 


| SOD = 4 it. 4 in. 


the E. end © / © / " Bog 3 
106 O K K 10K 14 

| 101 3 & 9371 
89 4 & N 13K 454 
89 25 * n 13* 4 % 
| 41 38 K * 8+ 6 
1 029.» 


| { x 

5 0. i 60 wel 3 
N Pole 36. ain. 83 49 * 'A 12 K 211 +: 
— — | 75 24 K 6 17% 319 
. | Theodolne = = = 4 ft. 8 in. Id | -. * * * P” 299% 210 
4 . a | re” is a pole in > Jac 

oe Fc ER. Vith r and x | 


N. baſe. | +. „ | 
14 51_ 14 © 4138 
' [147 371 [ 12515 


ban 104 35 u 144% 
paL | 124 34 1 10 56 It 
| mas | 173 55 | « 135150 | 


| In 49 * 10 * 225K ass 132 59 ( 13 C4 
18 ee gauſs | | | Se per 
70 583*| * 13% 53 3 3 
D 71 572 * D 9% 17758 | Theodolite = — 41 ft. 9 1 
108 gf „ eg ö 1 1 
ö o 6 1 BD a Ke a 622218 
At 7. e 4 f. 84 i in. 4 584 * M' 4K 45 | ; 


4 SUK D 64148 | 
| ves | 22 1 K&K 2%211JE | 
50 64 * 1 8% 231 n 78 40 H 11 X 477 top 


N Pole 6 ft. 5 in. 
an 63 F3ZIT & 12K 274 NEW | 94 17 K WII 165 b top 


we 


ti ; ; COTM IS —_—_ . — — TSS r 
e „ e 8 n 3 ENS | 


* | 97 S gx4s | | 1 * 
SS I- ox 2 p top NEL. 106 213*| L 10K 17 top 
| —— [| Fol 2 ft. 2 in. — — | Pole 6 ft. 8 in 


vol. IAI mw. 41 ö 
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| 3 0 " 1 
151 16 KX Y 10K 37 D 1 


'y 18 D Franſit in- 
172 20 X 0X15 1 —_ 


| 272 221K. T 9 4p top fpcarthe | 
| | 144 46 * Z 9K 1845 ir! | 32 24 % b 9 * 1875 
| 114 20 * U 104 43D % 32 50 54 8815 
„68 3574 & 6K 21 E 


ene se 12 * 3215 
1.73 1 „ een 14 28 Ku 7445 
78 304 ** 6* 33 ” | mew 35 234 K W 5 & 4715 
| 97 27 #] ” 9% 521 wt. | 46 22 & 1 4 * 3515 
CE 12998 iy © Tl 68 13 #| „ 12+ goÞs 

— 3 eM] 68 15 & MaK 52 
N Theodolite 2; 3 ft. i in. | » G | 144 17 K 0 5 * 571 
Ta [mm | 96 f A 74315 
'S ; ; 75 56 XI 5 * 471 
E 4x 5615 1 * 7 64 58 * = 4* 3715 
er 315 top] * 6. bs 17 * 421500 
IL 10 * 19 Dtop Tm 4% 3 2 


x” bears r 8" w. of North. 
Pole © ft. 8 in. V bears South. 


rin a line with x and v. 5 | : 
WI I = 41 D top pr a pole immediately aboye0 or South of the tranſi 
Pole 7. ft. — ; ; 


= 1H u 12 & 515 top | 
Pole 6 ft. 5 in. At | Theodolite = =4ft. gin 


n 22 * 12 D ap 141 5 *| Ma & $38 
7 22 K on d 133 63 | Y 24%18 K 
0 124 33 Dtop| ©” | 26 43 r 5 26 5 
"Pole 4 ft. 4 in. |: o 344K 9K 2315 
e 12 K 5 ptopf GpM”| 32 4/1 * 13 * 250 
Wart A G8 1: 232. 48 e 19. 217 0] | 
Curls cpm 38 Of m 12 4 3479 | 
1 TI on 19 BT =] 


" — 
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3 | g [ 0 / | 4 0 * : Wy / 77 
Gf W 68 33%| W 5*512D [oO 73 39 #| 0 33%52 D | 
or 76 ss Þ 13 4% | x=# | 28 4 8 15% 563D top] 
opl | 79 o r 4 30 | Ker | 4 533%|y 7*35} top 
ohn | 121 24 K * 4 5% | Ka'# | W905 * 3 414 tor} 
| | | | Pole 17 fe. 4 in. | 
o | 179 37 KE 17 * 394 Bu DG | 
w is 4 pole a little above or South of r. | Fad 13 48 * 4 3 | 
1 IK 2 491 x 6 30D | 
mn wr d vv 
„„ GEES EO Res 
4-89 $31#| 2447 > | Arg Theodelite S 4 fr. 9 in. 
Her. 2 | 
| 13 1 * F 5 K 2225 „„ . ow. 5 
0 291K * 19 * 19 D Bo 56 4% * 0 2144956 
32 291 K 17 13 K 2315 “ 62 213*| 10K 2819 
en'e 37 6 K y 184%164D | ar | 34 49 #| 1 
e n ls 1e - % 4 4 l 
en 4 10 K n 7440 b f | 174 8K & 1544238 
1 66 % K 6.99 pf ——— 
7 174 *| * 4* 4015 | aty | Theodolite = POR, 
i 177 53 * Y 17 #54 „„ 'F i 2 | 


8 1 


* R . | 


| 
L 


5 ws | e ss y 18x 375 | 
ma 37 1 * P13 my r ye” 
— 27 — — — iy So 7 15 KE 
e South- +- _ | | | 
| fo” | 47 us 7531 8 
COMET * #432 N 151 84 K 14 3d 
„ T | N 7K 231 
| A | 102 KI R 20% 9 D 4 


4 R 2 
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At T heodolite = I ft. 4 in. IAt | T heodolite = 4 fr. 101 In. 
b 5 | "EI BE YON! 


5 


welt pole r | 442 11 E 


| 17 _—— 7 5 4 1 
mu | 2 53 * 13645 f. | 447 
[EY 3 1 oo” 1 1786 [37 13 
KYm' 73 201 & m'24% 91h top 4 
\KYp | 74 351K P 24K 1615 top . 
K | 108.438: K « 12% 845 top] At a | Theodolite = 4 ft. 84 in. 

7 | | 0 | 18 

B 5 13 | Fele 4 ff i. ' bak | 113 91 . pof the cir | 
| KI'N 104 194 * ow 6 * 82 top ban 4 | 155 24 4 * n 
, [186 3|x 7439 f „%%% 
„ wh oi. a ole bal | 59 * IF 
a | 9 51*|a 8 5 1 
9 e113 204 & >. "T heodolite = = : 4 fr. 60 in. 
r 70 4 24 2e [Atb 43 38 | 5 928 


| 


f-— wm 


27 D 


52 D 
26 E 


O O O Go 


, an Toy | @ s 39 | 
| Theodolite = — 4k. 711 in. 5 1 5 . * 


— — 


9 — * co nes ” he —— 


b | 56 %%%, at! n 4 % 
n 37z*| EE | 14 iz | * 11 33 ER 
br. | 174 le 4 hr % 4 33% M 
ore | 124 47 * 6 10 eib |, 63 2 U 6 PER 
br | 103 4 | . ks 4 42 D 
r' 77 42 'D 7 E —=— 13 


X | — At 0 Theodolite 4 ft. 8 in. 
At! Theodolite = 4 fl. 10 in. 4 | 49 34 „ l 742 
81 F 57 7 8 14 3715 [| den | 97 9 * H 9 1725 
87 | 275 32 10 41D | de d 136 91 * G6 42 58 5 
1 38 [ jeh 4K 118 SSE#| * 14% 35EE | 
3 1 0 MED 17 4 46». 


At 


— 
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to | Theodolite = 4 ft. 10 in. 


EA 102 48 * ed 7%*50-E 
rad | 97 SE*| a 8 * 10 E 
kA 65 583 * * 6 * 44 


#4; 


' | Thiodolite = 4 ft. 81 in. 
121. 121 * 6 C LE 


* a 9% 6 E 


i 1} 


| rdd | 88 6 X . 11 K 2019 
| tad” | 108 212 K* 4 2 & 341E 


| | 
4 53 1 E 8 * 41 


| 


14 4 41.» 


| At b | Theodolite = 4 fl. 91 in. 
6 36 414 | 4 5K 441 kn 


— — 5 u— — — 
* 


| Fy 
Theodolite = 4 ft. 5 in. 


269 141K 


3 Fs 12% 351 | 
N 


een 


the hill, are here omitted. 


annexed to them. 


88 


Several other an agles and bearing of objects“ were taken, 
which, being of no uſe in computin 8 the attraction of. 


The foregoing tables, containing all the angles col- 
lected together which were obſerved at the ſame point, 
include all the horizontal angles that were at different. 
times taken for aſcertaining, the relative places. of the. 
y principal points and objects on a horizontal plane. The. 
numerous other angles uſed, in findin g the ſections of the 
ground, are given hereafter, with their computed reſults. 


We now proceed to ſpeak of the two principal baſes. 
which were accurately meaſured, as foundations on 
which every thing elfe muſt depend; and firſt, . 


of: 


* I | I ä » - n my 
: X rer l p Y ? LY 3 * l * 3 
8 wy n ** Mas ads * as Sts, — 
C % "*. X , - * 
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Of the meaſure of the baſe RY” in Glenmore, the valley on 
tbe South of Schehallien, taken the 16th, &c. o Sept. 
1774. 


Here A and B are the names of the two meaſuring 
rods, which were laid down alternately i in the order as 
expreſſed in the following table of meaſures. The 

lengths of theſe rods, by the braſs ſtandard, when the 
Ch thermometer was at 623, were thus, VIS. 


125 =20 feet T*255 inch. 5 fe t 

B=20 feet I*323 inch.=20*11025 1 5 
The numbers following each rod, with the ſign + inter- 
poſed, are inches and decimal parts; and they denote the 
diſtance beyond the end of each rod to the beginning of 
the next following rod; and, therefore, the ſum of all 
theſe numbers muſt be added to the ſum of the lengths 
of the rods themſelves for the total of the meaſures, 
Alſo, as the firſt rod began at 2 feet 8 inches from the 
point x, this number is to be added to the total laſt men- 
Goned, to give the meaſure of the whole baſe from RtoB”, 


478˙29 


A 
B 
A 
B 
a +639 
: 
A 
B 


4 +829 
B +2'53 
A +611 
B +666 


a +279 | 


B +1*20 
A +207 


B +480 


+ 0*00 


+198 


+ 3'29 
+285 


+486 


+608 | 
B +858 | 
A + 9*07 
W +153 


A +228 
A +2 49 
B +542 
A +742 


— n 


| 
| 


| 
* +707 
oy + 3*54 1 
B +126 
A +320 
B +814 | 


V 9 i 
. + r * ** 
7 * * 22 4 * 4. * 7 ** by e * A L 2 * 4 * * * - 
- = / * - 6+. a l » a 
, N a * 0 . 8 * : - N — * * 
LY o 
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5 +345 


A +380 
8 +664 
a +776 
B +328 
A +487 
'B +618 


a +870. 
A +787 
B +475 
| 4a +6:*56 
5 +524 | 
| A +790 
5 + 6*32 
a +6492. 
B +728 | 


A +6'34 


* +893 
aA +539. | 
| & +247 
B +390 
A +576 
|B +397 | 
B +534. | & 5 
| B + 83 | : 


B +520 


A +3 14 | 


B +722 


| A +191 
B +446 | 


' A +195 


A +0:18 


p +419 
A T 45 
B +304. 
A+437 | 


5 +2:96 


A +487 


A +696 


5 48 
B ＋2˙26 
A454 
'B +448; 
| N T 3*14 
| B +3:38 
| A +500 
'B +485 
A +612 
| B +3'44 


A + 3*$5 
'B +293 
4 


* ＋5˙33 
14 ＋4˙38 


B ＋3˙67 
4 +512 
B +1-06 


A +384 


A +3J'11 


* +433 


A +593. 
* . 


A +334. 


A +5960 
B +2*47 


B +557 
| a +203 | 
5 +7*41 


p +174 
A + 2507; 


B +375 
A +414 
B +306 
A +2'58 


| B +415 


A +316 
B +404 


| a +326 
| B +418. 
A +404 If 
'B +2592. 
A + PIO |: 
* +11 
La 46 

|» +3'34 | 


A +2:57 
B ＋ 5˙80 


1 
| B ＋2˙58 
4 +2024 
B +348: 
A +295. | 
* +288 
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A +447 | a +369 
5 +407 
A +275 


B +4*65 


A +407 
[= +523 
4 +416 
2 +5773 


A +412 
B +4*gr 
A +318. 


3 +3*91 


A +439 
B. +437 


| A + 3:29, | 


B +212 


| a +295. 
|» +330 
4 + 2˙82 
* +3'97 


A +1*37 


'B +000 - 


The ſum of all theſe is 744 733 ＋ 669 28 * 
or 744 17337557 773 feet, includ- 


ing the 2 feet 8 inches at the be- 
ginning of the meaſurement. 


Now 


i 
: « 
\ 
1 4 N 
1 
1 | : 
Na 
* 
| 
|| 
\ 
4 
q ' 
| 
i kv 
1 % 
4 


to the ſtate of the thermometer, and for the wearing of 
the brals 5 feet ſtandard (ſee Phil. Tranſ. vol. LVIIL for 
the year 1768, p- 313, &c.). Now the difference 


: ts. 
* nnn 3011 56 * Frehner * F = © 024 feet, 1s 


and which being added makes the number become 
3011-584 for the length of the baſe as reduced to the 
ſtate of 62 of FAHRENHEIT'S thermometer. But the 
braſs rod had been 355th of an inch ſhortened by wear- 


ing the Nessth part, or 167 from the above quantity, 


of this baſe, or the true length of the line rs”. 


_ cluſively, together with 10 feet 104 inches more, reach 


% 
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Now 744A is = 1487*7 3892 
733 is = 1468704825 

The odd parts 535773 


— 


— — 


Sum 9 1 1560. the baſe unreduced. 
a N 


But a reduction of this muſt be nere made according 


between 62* and 624 being 3 457 therefore 30110 56 
232 


the ſmall ere en on account of t the thermometer, 


ing, and it was originally —_ th of an inch ſhorter than 
the Royal Society's braſs ſtandard yard, ſo that it is now 
534th inch ſhorter than that ſtandard in the len gth of 


3 feet, or ;; mier part of the whole; therefore ſubtract- 


0 N „ REG iran Eb Fu WS, 
wa * * X [REL IDE] 1 wy . 3 Nen 2 A n r \ . 1 N 


there remains 3011417 feet for the corrected meafure 
The above meaſures, as far as to that marked & in- 


3 
S 
- * . 


the mean Denſity of the Earth. - 505 
to a place to which they had before meaſured with the 
tape line, and by it found to be 28448 feet; while 
She meaſure of the fame by the rods is found to be 
28393 feet. The difference is 57 feet, a ſmall part of 
vnich might be owing to the unſtable ſtate of the wooden 
Winds uſed in the firſt quarter of the baſe; but the 
greater part of this difference is more likely to be owing 


to the uncertain way of meaſuring with a tape, which, 
to ſay nothing of the ground not being quite level, is 
liable to be ſtretched more or leſs in length with dif- 
ferent degrees of tenſion, and to be variouſly warped 1 * 
length by moiſture. 


he 3 . Wy 33 A e A. n ann e 3 n RA 


of the meaſurement of the baſe a 87 in Rannoch, 70 the 
North-ejl of the bill of Schehallien. 


=. One part of this baſe was e twice over in 

different ways. The part o 6 was carefully meaſured on 

the 8th of October 1774 with a chain, and found to be 

| 63 chains and 405 links, or 6 3˙ 405 chains in length. 

i Now on the 24th of the ſame month the chain was 

meaſured by means of the five-feet braſs ſtandard, when 

he thermometer was at 382, and the length found to be 

Y 05194542 feet. Hence then 6594542 x 63 · 405 = 

| 4181+269 is the length of all the chains, to which, add- 
Vor. LXVIII. 53 ing 


D F 22 
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ing 1764 the breadth of the 63 iron pins, the ſum is 
4183033 for the length of a 5 uncorrected. 
But 62—38:=23:, therefore — 23 x ce 4183 
=—1*056 is the reduction on account of the ſtate of the 


thermometer, which being applied with its proper ſign, : 
there reſults 41814977; and from this laſt number de- | 
ducting again +;zz:th part or *232, on account of the if 
wearing of the braſs ſtandard, there then remains 
418 1745 feet for the length of the part af of the baſe 
in Rannoch, as meaſured by the chain. 
But as the chain was meaſured not at the ſame time jp 
with the baſe, but between two and three weeks later, 
when the air was probably cooler, the reduction above i 
made for the ſtate of the thermometer 18 perhaps ſome- if 
thing too great, and we may ſafely conclude ap to be 
equal 4182 feet as meaſured by the chain. 
2. The whole baſe a 67 was next, on the 1 oth, 1 1th, | 
and 12th of October, very carefully meaſured by the 
= twenty-feet meaſuring rods. The rods at that time mea- i 


— 0 5 IJ 
** thus, an 20 ft. + 1: 306 inch. = 20 1085 1 feet 


B = 20 ft. + 1* 354 inch. = 20 1122 
che thermometer being then at 40%. The number of 
rods and the additional Parts were as follows. 
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B +313 
A +3*55 


A +406 


B +323 
a +3776 


| 4 +388 
'B +2:29 


|B +3777 
| B +3'13 
» +308 
' B +5*68 
4 +327 
| B +184 


| A ＋O oO 
44314 


3 ＋3˙94 
A +3'04 


[4 +3'13 
- A +313 


A+543 


| 1 ＋3˙89 . 
B ＋2˙78 


a +399 


I 


3 +2:56 
A+33 
* +329 
A +3'65 | 
B +351 | 


» +173 


A +2'41 


B +2:99 


A +2'62 
B +2:18 


| A +272 


3 +302 


> 4568 
A +2'62 


B +2572 


A +333 
B +293 


B +2557 


B + 2*20 
A +268 


B +2' 17 


ö 


| 


B +2*70 


| 


A +317 


A +2446 


a 4279 
* ＋ 27 
1 ＋3˙12 


B +322 
4 +316 
B +207 
A +2*22 


'B +483 


A +239 
B ＋2˙68 
A +209 
B +197 


3 +237 


a +247 
* +293 | 
| A +2*40 
B +206 | 
A +313 


p +348 


'B +268 
4 +2005 
B +309 


A +2*50 


A + 2*02 
3 +243 


| a +2001 


45 2 


A +148 
| B + 320 | 
| A +2*62 


A +3'16 
» +3'50 
| a +233 | 
| B +237 
| A +255 | 
B +2'87 
| A +4*12 
A +357 | 


a +268 | 
| B +268 
A +250 | 


A +284 


| 


B +243 - 
A +1997 | 
s +174 | 


'B +365 
A +1602 
|B +1527 | 
A +2:e38 | 
* +2536 | B 
A +257 |. 
» +207 |B 
| 4 +248 
B +2:91 |B 
| a +2528 , 
'B +3'96 | 
|a+487 |. 
» +261 | 4 
om ta; 
B +1603 
a +187 
B +241 | 
a +262 | 4 
B +209 | B 
A +22). 
-B +302 | 
A +2441 
B +2553 
A +184 
„ +2468 | 1 
| A +237 | 
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» +296 | a +166 [ +2797 
A +2*27 | B +1*53 | A +209 
B +260 | a +180 | B +214 
A +308 |B +353 | A +245 
s +223 | A +2*45 B +2986 
4 +470_ B TOO | a +2:40 
B +2528 A +2536 | B +250 
41179 |B +275 | A +282 
Bs +183 | a +177 |B +237 
A +274 [ +1'55 A +2576 
B +248 | A +197 | B ＋2˙91 
& +223 B +204 | A + 2*58 
B +166 | a +256 | B +2'34 
42 ＋3˙ 08 'B +2'15 | a +2'86 
» +231 | A +2:26 | B +267 
a OY 1 B +2' 37 | i +2*19 
'B +306 | 4 +1 94 | B +237 
a +236 |» +197 | a +293 
p +2'24 | a +194 | 


of the foregoing meaſures, the ſum of all from the 1 


| | 


* +2*37 


A +286 


B -+2*42 
A +2516 
B ＋2˙21 
5 ＋2˙75 | 


B +2'03 


B +206 


a +2*36 


B +3137 
A +1 66 


| 


B +2*65 


A +2014 


| A +2*73 | 
B ＋2˙14 
A +1 57 
B ＋ 77 
A + 2 21 
i 
A +269 | 
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ö 


e 
* h 
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B ＋2˙35 
B +2*59 


A +2*48 
B +2*48 


a +10 


[ E ＋1˙99 


A ＋2˙81 


8 + 186 | 
A +233 | 


B +303 


| 


| 


| 


| 
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B +249 
A +2*11 


A +2407 


'B +2443 
A +243 | 


A + 1*93 
B +275 
A +1*q99 


„ 


a +183 
B +1*93 


A +165 
| B +104 
| A +166 
B +244 
4 + 2:07 

* +244 | 
A +211 


* +2577 


| A 2 | 


"= 
Le) 
* 
1 
- 
* 
ö 
„ N 
4 
. 4 
G 
C 
4 
. 7 
k bo = 4 
# 
4 
I 


A +o'0. 


beginning to that marked + incluſively, together With l 
x3 feet 2 inches more, brings us to the point g before 
meafured to by the chain. Now to this place, by: adding 
together the meaſures, there are found to be 1034 and 


10 2B, and the ſum of the parts i s 586˙7 1 inches. 
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Then 103A=103 x 20'T085=2071*210 
1025 =1IO2 x 20˙1123 3 2051 509 


58671 inches „ JOUWL 
13 ft. 2 inch. = I3'q 67 
Hence a 6 (unreduced) i is 41 8 4779 


But ſince 62 40 2, therefore the reduction for the 
ſtate of the air is — 22 X-2760555 N 41 85 2 — 989, which 
being applied to the above ſum, there remains 418 3*7 * 
as correſponding to the ſtate of 62 of the thermometer. 5 
F rom this laſt number deduct its zessth part, vis. 232, 
and there reſults 418 3˙5 58 for the correct length of the 
part a8 as determined by this very accurate method; 
which 1 18 but about a foot and a half more than what it 
Was found to be by the leſs accurate meaſure by the 
chain, which is a nearer approach to an equality than 
| 4 could well be expected. 
S To determine now the whole length of the baſe ay;. 


by taking the whole ſums there are found to be 146A 
vith 1443 and 779. 78 inches of the odd parts. 


Then 146 A 146 x 20* 1085 = = 2935" 890. 
1443 = 144 x 20* 111 ado 248 
779 78 inches 2 - 993- 


— —— — 


The ſum or ay (unreduced) is 55575 120 


r — 


a 
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The correction for the thermometer is = 22 x 22 
x 5897 = = I*'394, which being applied to the number 
above, there reſults 5895.7 26; and this again being di. 
miniſhed by its ;5;z;th part, or *327, there remains 
5895-399 feet, for the correct meaſure of the baſe gy 
in the vale of Rannoch. F 

There is no occaſion here to explain the manner of 
meaſuring theſe two baſes by the twenty-foot rods, as that 
has been very circumſtantially done 1n vol. LXV. of the 
Phil. Tranſ. for the year 1775, by the rev. Dr. MAsk x- 
LINE, the learned and accurate conductor of this very ; 
important experiment. 
The followin g ſhorter lines were alſo meaſured as they 


happened to be wanted in different parts of the ſurvey. 


Feet. Inch. 


0 4 } nearly horizontal. 
Nn 93 6 - 

Ke =. 06 10 

KE = 240 IO 

EE oo. © ou 

an = 7 10 


mp= 63 4 not horizontal. 
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The other meaſures that were taken for determining 
the ſections will be delivered afterwards, when the re- 
ſults or computed altitudes have been obtained, in order 
to be placed oppoſite to their correſpondent angles. | 

Having now obtained, to a great degree of accuracy, 
the meaſured lengths of two lines which were to ſerve 
as baſes for all the future calculations, the next conſide- 
ration was how to make the propereſt uſe of them. 
2 Every other line or diſtance, drawn or conceived to be 
drawn, muſt be calculated from them by the help of the 
angles obſerved either at their extremities, or at all the 
f other points and ſtations i in the ſurvey and plan. As theſe 

to baſes are ſituated in the low parts of the country, 

from whence but a very few of the other principal ſta- 
tions are viſible, one method evidently i is to compute im- 
mediately from theſe baſes ſuch of the great lines in the 
ſurvey whoſe extremities are viſible from them; and 
; then from theſe calculated lines to compute others next 
to them, and ſo on quite around and within the whole 
figure. In this manner ſeveral values of each line will 
ariſe, both from the double computations by the two 
meaſured baſes, and from the various ſets of triangles 
f which can be formed from the very numerous ho- 
rizontal angles which were obſerved at the ſeveral 
ſtations. But in this mode of computation, after 
6 great 
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great labour and pains, I had frequently the mortifica. 
tion to find that the ſeveral values of the ſame line; 
would differ ſo greatly one from another, that I waz 
often very doubtful whether I could rely on any of them, 


or even on the mean among them all. Theſe differences 
aroſe from the ſmall errors in the obſerved angles, which 
in ſome degree are unavoidable; and indeed they were 
ſo ſmall, that the ſum of the angles of the ſeveral tri- 
angles which were uſed in the calculation ſeldom dif- 
fer ed by more than a minute or two from 180. But! in 
i long connected chain of triangles, dependant on one 
another, the effects of ſuch ſmall errors at length be- 
come too great to be tolerated in a computation requiring 
much accuracy. Another method is, firſt to compute 
from both baſes the length of the line KN extended along 
the ridge of the hill from Eaſt to Weſt, and from it, as a 
ſecondary baſe, compute all the other lines in the plan. 
This method admits of much more accuracy than the 
former, ſuppoſing this ſecondary baſe to be truly aſ⸗ 
ligned; becauſe that, from the elevated and central ſitua- 
tion of this line, all or moſt of the other points in the 
ſurvey are viſible from one or both of its extremities, by 
which it happens that the other lines are moſtly deter- 
minable from it alone, without ſo cloſe a connection with 
one another as in the other method of computation. By 
both 


rr - — * 6 7 
= 
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both of theſe methods then, and by all the triangles 
furniſhed by each of them, I computed all the princi- 
pal lines in the plan, and either took a mean among the 
ſeveral values of each, or elſe ſelected out of them ſuch 
one as from various circumſtances I judged it ſafeſt to rely 
upon, as neareſt the truth. The trigonometrical compu- 
tations were always accurately made, and generally re- 
peated by logarithms, and the reſult of every proportion — 


determined to two or three places of decimals. I ſhall 
here abſtract the mean or corrected values of ſome of 
the principal lines or horizontal diſtances ſo computed, as 
Vell as the ſecondary baſe KN from the Eaſtern to the 
Weſtern cairn. 

The mean among a great number of ways of compu- 
tation from the South baſe gives the horizontal diſtance 
from k to N = 40 52˙2, and the mean of all the reſults 
from the North baſe 467 gives KN = = 4© 58 95 and the 
mean between theſe two gives 405 5˙5 for the mean 
diſtance of k and N. And this value of KN was uſed in 
computin 8 moſt of the other lines, whoſe mean reſults 
are as here follows. 


Vo L. LXVIII. ay= 


* 4. 
1 — 3 4 * 7 ee 9 7 
N n * - -- DLL 8 F 5 | L „ > _— 
* *** * mw” Y 
Ty y 4 885 
J . 
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1 4 7 = 5895˙4 the Northern baſe in Rannoch. 
RB“ = 30114 the Southern baſe in Glenmore. 
o NK = 405 5˙5 the diſtance of the two cairns. 
| RA =5670 |NR = 5545 KR = 5952 | OR =3582 
|, AB =1489 N 6053 KY = 8227 | os” 5466 
\| BC =4506 NA = 5941 [X = 8036 | oa 6769 
| cb = 775 NB = 6573 |[kH = 7748 | os =3271 
In DF 27388 NC = 7797 RWS 7603 | ox =4079 
19 FG 1166 ND = 7657 EKL = 8335 | ov 6061 
{i GH =4068 |NF = 5980 [KX =10008 | oz =g073 i 
bl HW =2118 NG = 6370 KV S 0215 | OM =3317 
1 WI 21816 |XH = 8195 KO = 26155 
4 LY =7085 NN = 9059 KP = 3221 7 
xv =3636 N =10405 KA =I3710 | MS = 381 
VT =2645 [NY =13752 KG =15404 | Te =1335 
12 =4393 NS = 5795 KMS 1817 | Ze =3719 
ZU =4132 NO = 2875 KY = 2528 | F'D =6430 
vx 21984 |NP =. 3271 [ka = 3326 FFT =3934 
xs =2378 NA =11876 [kb = 4409 | F =4098 
sR =141o NA = 5899 n 
eee | M'bþ S172 
INS = 3381 [PC = 4815 ab 21843 
'N0/ _ 1585 Pn — 5196 | cd 2175 : 


From the three firſt lines, or baſes, and the horizontal 
angles obſerved at the ſeveral ſtations, a very large and 
accurate plan of the whole ſurvey was conſtructed, form- 

ing a map of four feet long by four feet broad, which 
was verified i in every part by the meaſures of the com- 


puted 
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puted lines, both thoſe above-written and others, and 
they were generally found to agree very exactly, accord- 
ing to the ſcale by which the plan was conſtructed. The 
uſe of this large map was to receive and admit of the 
E viſtinct and accurate exhibition of the figures in their 
tue places, expreſſing the number of feet in elevation or 
depreſſion with reſpect to each obſervatory of every 
point and ſection of the ground whoſe elevation or 
depreſſion might be obſerved. But before I proceed to 
the computation and conftruction of the points in the 
ſections, I ſhall here abſtract the numbers which expreſs 
the relative elevation of the principal original points in 
the ſurvey, being the extremes of the lines whoſe lengths 
are above abſtracted. Theſe few numbers are the reſults 
of the calculation of ſeveral hundreds of triangles con- 
ceived in a vertical poſition, their baſes being either the 
horizontal lines above- written, or other lines drawn as 
diagonals between many diſtant points in the ſurvey, ac- 
cording to the number of vertical angles which had been 
obſerved; ard of theſe baſes, whether real or imagina „„ 
each generally afforded tuo vertical triangles, as the 
angles of elevation and depreſſion were taken alternately 
at both ends of the lines. It is ſcarcely : :eceflary to re- 
mark, that all theſe triangles are right- angled, the com- 
mon baſe being one of the ſides about the right angle, 
and the other the difference in altitude between the two 
47 given 
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given points or extremes of the baſe; and this difference Wi 
in altitude is found from the application of this propor. 
tion, as radius is to the tangent of the angle of elevation 
or depreſſion, ſo is the given baſe to the altitudinal dif. 
ference between the two given points, excluſive of the 
height of the theodolite or other inſtrument, which wa 
afterwards allow ed for. From the reſolution of all theſe 
triangles, and taking the means of the many correſpond- 
ing reſults, were obtained the following numbers, Which 
ſhew how many feet the points denoted by the letter: 
| ſtanding againſt them are below the level of the point x 
or the Weſtern cairn. They are all referred to this point 
N at the Weſtern extremity of the ridge of the Hill, be- 
cauſe it is the moſt elevated point in the whole ſurvey. 


f n 3 3 „. 
e SS RE F Fr nes v2 0 iy 1 8 da 


o 118417 2898 | | H 2143 u 1613|e 2145 
P 1457 | A 1303 W 2024 Xx 1996 |M 1958 
xk 480|B 1313|L 2006|s 1964 |W 322 

R 1948 |c 1384|y 2335 4 1012 I 2246 
3/1920 D 1445 V 21195 823% 2815 

a 2898 f 1904 [(T 2114 1364 2835 
6 29010 1935 | Z 1815]d 1539 1725 


Theſe depreſſions, and thoſe of n other principal 
points, were firſt carefully computed by means of vari- 
ous different baſes, as ſo many places from whence the 
ſections were to commence. oo : 

5 Theſe 


e FF . 8 = 


ö IIS, CO I I LE $a IE I 2 LAS Mg 
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Theſe ſections are very numerous, made in all direc- 
tions from the primitive points before mentioned, and 


many of them extended to great diſtances far beyond the 


bounds of the plan hereunto annexed, ſo as to include 


the neareſt hills and valleys of the ſurrounding country. 


They are moſtly made in vertical planes in the manner 


deſcribed in the article of the Phil. Tranſ. before refer- 


red to, excepting ſome few of them which are level ſec- 
tions in planes parallel to the horizon, and ſome indeed ; 
irregular as being neither vertical nor Horizontal. To 
compute the relative altitude of each point in theſe ſec- 
tions, it is evident, requires the reſolution of two different 


triangles, VIS. a horizontal triangle by w hich its place in 


the plan is aſcertained, and a vertical triangle of which 
| one fide 1s the elevation or depreſſion of the point. Of 
| | theſe ſections there are above 70, containing near 1000 
3 points, whoſe places in the Plan and relative altitudes. 
have been computed: ſo that the number of triangles, 


W hoſe numerical reſolutions have been pertormed in the 


_ courſe of this buſineſs, amounts to ſeveral thouſands. 
Before the abſtract of the computation of the ſections, 

I ſhall here put down at large the calculation of one of © 
them, to ſhew the manner in which they have been com- 


puted in the readieſt and eaſieſt way that occurred to me, 


preſerving at the ſame time the proper degree of accu- 


racy. 
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racy. I ſhall for this purpoſe ſelect the third ſection x; 
not containing ſo many poles as ſome of the others. This 


ſection commences at s, and is car - b 


ried up the hill in a vertical plane, 


making an angle of 105? with the — 
line Rs. The direction of this . ä 
plane 1s here repreſented by the Take 5 - 
line s ppp making with xs the an- — 


Leaves £8 + 1 8 75 
gle RSP=IO 8”, The points G 8c. 


mark the places of the poles, whoſe angles of elevat 101 
or deprefſion were taken at s with a proper inſtrument, 
and they are written in the ſecond column of the table in 
this example. At k were obſerved the ſeveral horizontal 
angles, which lines ſuppoſed to be drawn from thence 
made with RS, and theſe are placed! in the third column, 
And fince in every triangle RSP, the angle s is conſtant, 
and the ſum of R and þ is equal to the conſtant quantity 
7 5: therefore each of the angles R, or the numbers in 
£ the third column, being ſubtracted from 78 there re- 
mains the correſponding angle p: and theſe remainders 
are placed | in the fourth column. Then, ſince the me- 


. 
thod of ſolution 1 18 this, as ſ. p 2 ſ.R :: RS : $H= 255 RS; and 
again, as radius 42 : tang. elev.:: sp: alt. of h above 5 = 


SPxtang. clev. = x RS x * elev. Or in logarithms 


= 
4 ſ. f 
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"Wo þ+RS+tang, elev.=log. of the altitude of the point. 
herefore. having taken, from a table, the ſines of R and 
, and placed them in the fifth and ſixth columns, ſub- 
rac the latter from the former, and write the remain- 

lers in the next or ſeventh column; to theſe add the con- 
ſtant logarithm of RS, and write the ſums in the eighth 
column; take out then the tangents of the an gles in the 


ſecond column, and having placed them in the ninth co- 

jumn, add together the adjacent numbers of the eighth 
Wand ninth columns, placing the ſums in the tenth co 
lumn, which being the logarithms of the altitudes or 
depreſſions of the points þ, take the correſpondin g num 
bers from a table of logarithms, and write them in the 
eleventh or laſt column, for thoſe altitudes or depreſſions 
with reſpect to the Point s, with the height of the theo- 
dolite included, and which is afterwards allowed for, its 
height being generally about 4 or 4; f feet, In the ſecond 
column p denotes depreſſion and E elev ation; in the laſt. 
column p denotes depreſſion and A altitude. 
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Thus then every line in the table contains the ſolutions 
of the two triangles, the one horizontal and the other 
vertical, uſed in finding the altitude of each point or pole 
in the ſection. The addition of the conſtant logarithm of 
the baſe Rs to the logarithms in the ſeventh column, is 
| moſt eaſily performed by writing it on the bottom of a 
little ſlip of paper, and fo ſliding it down ſucceſſively 
over each of thoſe numbers, and in that poſition adding 
chem together, and placing the ſums immediately oppo- 
ſite in the next column. @ 

Andin this manner were computed the relative alti- 
tudes of the points in the other vertical ſections; except 
ing two or three caſes, in which the conſtant angle formed 

by the ſection and the baſe was a right angle; and one 
caſe in which the vertical angles were not taken at the 

beginning of the ſection line, but at the other end of the 


It may be neceſſary, therefore, to inſert and explain an 
| example of each of theſe caſes, and the more ſo as they 
_ point out the propereſt means of meaſuring theſe ſec- 
tions ſo as to ſave moſt part of the labour in the compu- 
tation, in which the trouble chiefly conſiſts. 

Of the caſe of the right angle, the 
fr ſection is an inſtance, where alſo Rs 

is the baſe as before, and the angle RS % 
being = 90®. ED "Wn 

Vo L. L XVIII. 4 U N Poles. 


baſe line where the horizontal angles were alſo obſerved. - 
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ber an \Horiz en 4 Tezgtee Celan, Sieg, 20 
e 1 " | 4andg.| Alt. Alt 
1 | 288 — E — 
| 1 5 161 10 0 5-90533| 9'24632| 821165 | 1:36105| 230 
3 o 30 x] 31 35 | 7*04030 | 9*78874| 7:72960 o0*B7899| 714 
| 3] 415 | 41 56 | 887106] 9˙95342 882448] 1973388] 94 
4| 6 141 | a9 25 903801 |-10*05722| g*10583| 2˙25523 180 
5| 8 16 | 55 511 9116224|10-16870| 933094 | 2˙48033 302 
| 6] 10 13 | 59 573 | 91255821 10237830 949305 204305 | 440. 
\ 721 37 | 62 564 | 9:31297] 10 29174] 960471] 275411] 568 
8 | 12 25 | 65 3} | 9134276] 1033257 | 967533] 282472 | 668 
| 9 | 1321 | 66 414 | 9:37532] 10'36568| 9*74100| 2:89040| 777 
10 | 14 10 | 67 36; 940212 10˙38519 9787310 2˙93671 864 
1115 17 | 08 424 | 9*43657| 10˙40925 9*84582| 2:99522| 989 
12 | 17 46 | 70 58 9.50572 10.46221| 996793] 3711733] 1310 
13 | 19 33 | 72 48  9'55035} 10.5097 10405962 | | 3˙20902 1618 
120 6 1943. — 10 55701 10˙12043 3˙26983 1861 
1 4 e 1 


In this form there are three columns leſs than in the 
former, by which it happens, that about one-third of the 
L labour is ſaved. The method of ſolution is thus; 2 

1 (radius): tang. R:: RS: Sp = As x t. R; and again, E 

Tt tang. s (vertical a; :SÞ:SÞxt.S= As x t. R. x t. S. Or 
in logarithms, log. RS t. Rt. s=log. of the vertical per- | 
pendicular: and by this theorem, it is evident, the co- 
lumns of this table are conſtructed, 


But 


the mean Denſi ity of the Earth. 1 


But nearly the ſame ſaving in the great labour of 
computation would be made if the vertical and horizon- 
tal angles had both been taken at the end of the baſe 
fartheſt from the beginning of the ſection. And this 
method would alſo be much the eaſieſt in making the 

ſurvey on the ground, as there would then need only one 
obſerver with an inſtrument to meaſure both horizontal 
and vertical angles; and any perſon, without an inſtru- 
ment, could direct in a line the perſon who moves and 
places the poles, or he may even direct himſelf after his 
frſt pole has been placed, by means of a back object, as 
il is commonly done in land ſurveying. 


Of this kind there happens to have G6 3 
been one ſection taken, proceeding 5 . 
from 6, and making with or an angle 
of 85%, » being the Northern obſer- 
vatory, and where both the bearings 
and depreſſions of the points p in the 4 180? 
ſection line were obſerved. Ade x ” 
| 4r+4fp=. 95 
Log. | 
210 3* 68262 which is a conſtant number from which 
fc 9199834 


to be de ducted. 


- the ſines of p in the fifth column are 
Sum = D 


— "WS Poles. 


14 
N 
: 
£ 
1.1 
9 
1 
* x 
. 
id | 
i849 
1 
1 
4 1 
+ | 
| ( 
tif 
| 1 
17 
11 
1 1 
1 
Vi 
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8 45 9 15 | 85 45 999880 3568216 9˙18728 2:386944] 740] 
28 46 | 16 25 | 78 35 | 999132] 368964 | 9118812] 287776] 755 
319 58 | 27 16 | 67 44 | 996634] 3771462] 9 24484 2:95946 911 


4 io þ 
sr 6| 34 50 | 60 30 | 993970] 374126| 9109537 | 2:83663 | 686 
/ ö 


| k | | ” 
r . [Ang. arr. = 4p =. v Depr. 


Sum of Col. 
x and 7, = 


1 —y— : 


a _ 


| 5 N ö | | 


8 38 | 390 52 | 64 8 | 995415] 3726081] 9˙18136 


$23]37 55 |57 5 | 78% &97421 | 2173117 [558] 


wiz Ja 14 ti l4 6 


rious columns i in the table. This happens. becauſe that 
in every triangle POP there are now conſtant thoſe two 
: parts which are uſed i in the proportion made uſe of in 
the calculation, vig. PG and the angle 6. For then it is, 


as ſ. p: ſ. G:: 0: p p,or log. PP log. PG+ſ.6- —{.p; ſo that 
the ſam of the logarithms of ye and fine of 4 G is a con- 


lumn are to be ſubtracted, to find thoſe 1 in the ſixth co- 


lumn. The reſt of the work | is the ſame as in the firſt 
example, 


Here it is evident is a ſaving of two of the moſt labo- 


ſtant number, from which the numbers i in the fifth co- 


As to the irregular ſections, the computation of them 
differs ſo little in manner from that of the uſual vertical 


ſections, 


the mean Denſity of the Earth. \ 726 
ſections, that an example of it is unneceſſary: and the 
few horizontal ſections need no computation but only an 
allowance for the height of the theodolite. 

In the following abſtract of the reſults of the compu- 
W tation of the ſections, the firſt column contains the num- 

ber of the pole, the ſecond and third the vertical and 
horizontal angles, and the laſt the difference of altitude in 
feet, between the foot of each pole and the point. from 
whence the vertical angles were obſerved, after making 
the allowance for the height of the theodolite above the 
ground. AT the end of this abſtract is a plate of the 
figures referring to the number of the ſection, ſhewing 5 
the direction 1 in which it was carried, with the degrees. 
and minutes in the angle formed by it and the baſe. 

Une. 
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5 . " 


— — — , 
| „ —— — — ' 


* N 0 | 8 5 / | 
n rails 10 | 15 124 | 67 36 | 972 


Pole. 8 L * | D 3 11 16 24 68 45 1118 
„ EO 12 19 45 70 © | 1302 | 
| 5 164D 10 © | 18 5 13] 18 45 | 1 + Til | 

o 30 K | 31 35 12 414 19235 [71 574 | 1625 | 
4185 |. 55 | 99. I 198 19 50 | 2 34 | 2455 | 
6 144 | 49 EI oro amy — 
8 16 | 55 512 I 207 -- 8 E C 3 1 0 N 3. 


2 
3 

4 

5 =; 
61 10 13 [| 59 572 444 pole. ven. 2's | Bearings | Diff. of | 
* 

8 

9 


R — — — 


n = 


| 33/25 | 6s 3þ | 673 
| | 13 1 | 00 qui | 762 
„ 
11 15 1) 68 421] 994 
12 17 46 | 50 58 1315 
1319 33 | 72 48 | 1623 
14 | 20 6 3 | 1866 


ä 


3 27 D 1911 | 290] 
39 24 | 51 a 
433 | 38 28 122 
6 12 44 10 213 
i 58 | 352 
10 38 | 51 22 | 524 
| 12 20 | 53 9 | 668 
| 1346 | 5443 | B18 
5 25 43 56 21 
Pole, Vert. 4 9 . * 1017 38 | 57 47 | 1283 | 
** = 4: - Jr }..20 0 58 58 1 47 


3 


126 K 32 4228 4 SECTION 4. 


me. 


2 36 * 


* — IEF * 


6—— 


SECTION 2. 


© & w & „ 


bug 
O 


2 

4 200 42 8 103 | Vert. L's | Bearings | Diff. of 
: | 6 2 . . Fore. at, | at ings| Alt. 
4} 62" j 49 39 | 292 | 24 . i 
5 | 9 584 1 59 2 | 429 = 7 42 D | 13 8 | 39 D 
6 I 2E| 31 35 1 19 4 
7 „„ 
8 Me 


11 Fo % 62 3o | 591 
12 52 N 8 
13 22 65 51 | 780 


806 
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13 36166 9 
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| 
FF 337 
68 12 
70 33 
74 © 
76 3 
1337 [76 47 
14 30 77 45 
e 
16 16 ᷣ % 
17 24 | 81 13 
18 32 ³„ 5 
19 29 | 
20 7 | 


— 


SECTION 6. 


Vert. 4's Bearings Diff. of 
=E '' Ms FT MC. 


= 
F | 


9 10 


6 
7 9 23 5 Pole. 
0 | | 
9 


| 


_ — 


10 17 
1 9 16 D 80 D | | 
416 16 55 
1 10 8 23 50 
48 30 2 

6 6 3324 
7 32 | 37 25 | 
| 939 | 40 24409 
11 16 43 12 546 
45 18 | 656 
[47 9 | 782 
48 54 | 955 | 
„„ 
48 11 1 
51 48 | 1248 | 


% 
11 18 3 


n — — — 


13 2 60 D 
28 A 
137 

196 
287 


14 22 
13 35 
16 29 


5 
. 


ü 1e Ion 5. 
| Vert. 2's | Bearings Diff. of Te 9 17 8 
3 Nag TOY 
5 SECTION 7. 


Pole. 


| li = » 2 . 
34 
0 14 42 


— 


_ — 


—— 


2 26; 36 14 
39 : 


4 21 


5 48 


Vert. 2's 


13 


Bearings 


. 


, 


| 9.39 


þ 


15 52 
5 


Diff. of 
1 


50 v 


7.9 
| 9 3 
$7.60 
1 


20 49 
24 48 
28 23 
2.13 30 27 
32 29 


10 
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1 5 * r between A and w is only 1303 feet. 
30 21678 he wa gt 3 feet Hom 4 be cauſed 
4 5 a a aring being about 7' too 
[SY 12 36 37 15 4 7I3 2 for in e this a, Is 
| 12 13 31 {| 38 17 | 885 Fonly 58* 51', And indeed many other 
| 3 Tad {ads angles taken at the ſame time with the 
I *S 1 "SV 39 3 913 above ſeem to be much wrong, as they 
14 1] 23 56 | 40 17 | 1036 Fereatly differ from correſponding ones 
| VVUoVũſ taken at other times. 
1— — — Such differences among correſpond- 
* 5 ing angles I often met with in the 
SECTIONW 8. meaſures contained in the books of the 
ones ©: , muck care 
Vert. 4's | B-arings | Diff. of detect them, a trouble to reconcile | 


F 
„ 


5 f — 1 8 


17 564 | 37 12 516 y] 
10 12s | 41 5o | 359 | 5 3 
| N eren. 
383 41 | 44 48 229 1 BY es N 9 
| 2 25 % 2 | 107 Pole r 
"ow ta #1 wk 1%. ils; 
1 12 51 oe | 14a] * 132 21} | 36 45} | 
5 . | 54.444 | 378 „ 
618 | 55 564 | 520 | 724 254 |. 4016: | 
8 52 | 57 24 | n 
13] „ [$223 [ub | *| BS JOB] 
4 12203 | 58.58 136 9. Ss [O54 | 
N. B. The pl f this laſt pol | * ans 
| Ys ne ace Ot this lal Pole 2 . © 
would ſeem 1 d the ſame as N the * 173 24 | 82 30 | 
[Weſtern cairn, as the ſection was wo 12 71 411 86 21 
ſrected through it. But then the la 3 1 | 
number 1316 is too great; as, from | 73 | 70 3% 89 33 


* the other meaſures, the diff. in alt.. 14 69 39 92 23 
: ; | LEAD Wa 8 El a | 


— — — 


o — ]f ̃¶ U ˙m  — — — ̃T — 


mL — : — — — = —— — — — — — LS 
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22 
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Seen 


fore each point is 41 feet (the height of the theodolite) 
above that point. | LL | „ 


This is a horizontal or level ſection through A, and there- 


1 


— FD {we : ” . d. ” Pen K N PLD * Ga n 1 8 . 
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S E CTION 
Vert. 4's | 


At A. 


ER 
19 41 95 


13 52 
8 72 


1 2 30 7 5 


© 59 
0 222 E 


RW | 


I 39 
2 25 
1 
3 36 


348 


Bearings 
at B. 
51 12 
57 225 
62 56 


75 52 


82 42 


. * 


68 47 
73 552 


| 79 145 | 
7.1 | 
| 794 
84 12 | 266 


88 41 


10. 


| Diff, of 
13 


bs | $31 DI 


426 

295 

106 
47 
27 


124 


338 


10 


1112 


s EC TI Oo N II. 


| Vert. Z's 


at p. 


Hh 12 56 D 


818 
2 25 


9 27 


| Bearings 


48 18 
| | | 
950 | 


62 4 


74 52 


at C, 


| 75 98 
| 75 42_ 


70A 
220 


13 9 | 
73 53 
17427 


Alt. 


162 4 | 334 
67 9 
| 69 514 


=: 
135 


533 
550 
777 
904 


| 


1048 


1 
14 


15 


75 585 


176 1224 
76 34 


10 


= 9 | 
Diff. of | 


231 D 


SECTION 


| Bearings 
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5 F2 16 
| 73 55 


91 19 
97 5 
102 


11 3 33 


3 
1 83 
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2 4 1 
08 143 


9 0. 
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21 | 
108 18 
117 12 
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n 8 — 
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At C. 
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| Bearings ] 


98 23 
94 56 
89 33 
82 49 | 
76 48 | 
EY 
66 20 | 
| 60 36 | 
56 15 
337 
F 


8 


7 wad 


O 8&5, 235 


Each of theſe poles is five feet above p, the ſection 


— 


12. 


being horizontal and taken at that point. 
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0 12 
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749 


9 50 


10 52 
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Bearings | 
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75 2 : 
79 46 | 
97 55 


Diff. of 
Alt. 


— 
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8 7 
100 44 
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101 15 

101 49 

102 20 

103 3 

| 703 27 
| 


104 20 | 


1040 


1172 
1327 
1472 


1710 
1837 


2013 


Vert. 4's 


„ 
C 


235 

3 52 

5 58 

6 25 
8 31 

3 
11 29 
12 30 
13 4 


„ SRETLION IS | 
Bearings | Diff. of | 
at F. 
© 2 
© 
99 14 
| 109 39 
| 117 53 | 
| 120 34 
122 41 | 
| I23 "30 

124 15 
124 41 


Alt, 


73 A 
95 


182 
384 


1149 
1272. 


| 


1 | 


Vert. 2's 


w 


at G. 


Bearings 


1339 | 
terien iz. 
Diff. of 1 
1 
172 5 
F 
There ſeems to be ſome general error in this ſec- 


tion, as the depreſſions and altitudes are utterly in- 
compatible with thoſe of all the other 
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[33-1 


Pole. 


eee GM K uv 0d 


5827 
6 8 10 
7| 910 
8 10 39 
9| 2 © 
13 24 
14 © 
14 18 
AS $8 - | 
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JM 


47 32 
49 47 


51 37 
| 53 36 


58 38 


| 57 18 


58 37 
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| 1422 
1584 
1704 
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970 
1177 


1734 
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3 110% 16. 
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722» 
N 6 11 
4 1 
„ 
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3 
5 14 
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8 41 
9 18 
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73 19 


21 37 
| 34 32 
| 43 23 

48 20 | 
54 38 | 
60 8 
6s 8 
70 13 
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80 22 
82 © 
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| 1104 
1246 
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Alt. 


189 5 
248 


201 


653 
828 


1403 


642 
781 I 


PPT , HH e a . R 
« # "I þ LS » 4 + 5 » Bd ES 


| 


| 
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S E C- 


5 4 . 
uf 
= 
2 
" 
4 
* 

8 
£ 
7 
1 
- 
2 
A 
5 
8 
8 
; 
3 


| 


| 


10 24. 


WH 


3 19 


IT gt 
2 20 
x: | 


the mean Denſity of the Earth. 


— . A 


—_— 


S E C 
Vert. 8 


„ 


1 14 5 
12 15 D 


7.11 
4 19 
1 49 
3 38 
0 


3 


* 
9 $3 


10 45 


55 
70 35 
72 15 
73 35 


i on 


16 13 


3 
33-3 
38 20 
45 24 
30 3 
53 33 


N 3 


— 


75 7 


377 
5 
60 46 | 
62 58 
66 56 | 


TION 17. 


Bearings 


Diff. of 
at G. | \ 


Alt. 


| 242 5 


216 


91 
82 


119 


— 


188 4 


— 


— — 


78 7 
81 13 


89 10 
89 58 


531 


| | 
1-260 | 


| 
90 33 | 


191 10 1552 


737 
1108 


1290 
1407 


2433 


731 


820 
1038 
Bi | i 
1260 
1424 
1590 
1703 


| 
| 


| 


— 


SECTION 18. 


Vert. 2's | 


9 17} 
-- "8 $3 
26 
1 23. E 
3 37 


EE) 0 


13 35 »| 
43 28 
E 
63 8 


— 


Bearings 
at H. | 


„ 


21 40 


| 


Alt. 


$63 


[os 


Oo © wW oO N W NN mw 


$RCTION I  } 


at W. 


18 8 


F 16 28 


7 47 
4 11 


=” Þ 


Pole | Vert. & 


D 


56 30 


Bearings 


14 51 
31 38 


54 48 


at 1. | 
| 388 
"Ww 42 | 
| 42 48 
46 12 | 
148 6 

50 16 | 
$2 45 | 
1 


| 1 1 
Diff. of 
_—_ 


168 5 


„„ 
. 
148 4 . 


| 186 5 Pole. 


1 
| = 2 / 
| 22 45 
0-0 


14 20 


"Vert. £8 


5 | 


1 6 


SECTION 20. 


Bearings 
at L. 


7 


31 


37 | 
16 20 | 

8 
4 54 | 


Diff. off 


F- aw. |. 


9 41 


—_— 


148 4 — 


— — 


Mr. Hurrod's Calculations to aſcertain 


E 2:8 
115 
O 55 E 
4 4 


0 45 


54 6 
56 50 
| 60 7 
| 62 58 


Ss 
257 
66 2 | 


437 


| Vert. 2's 
alt L. 


| 19 25 
14 37 


lo ow oo nu + w nv 


8 


23 59 D| 


* 
Hake 

21 18 
33 12 


71 36 
[IS -® 


Bearings 
Alt. 


48 26 
— 481 
6 gr. 

| 69 24 


„ 


| 


| 75 22 


| 


SECTION 421. 
Diff. of 


317 
448 


295 D 


—— 


— — 


3: 4 


14 40 
14 45 top 


of E. cairn. 


43 34 
43 35 


EN 


SECTION 23. 
Vert. Z's | 


at d. 


0 - 


© 51 
4 v4 


. 50 


| 


a 


| 


15 2 D| 


: 


Bearings 


4 33 
15 15 


35 37 
405 33 | 
| 42 34 | 
43 30 | 
| 45 or” 
- 59 1 


, 


Diff. of 
Alt, = 


34 L 


19a 


. 
—— 


Vert. 4 
at a. 5 


: Pate) 


20: 
4 18 


7 © 


2 & uo » UW. ww... 


| O0 
7 — 
. 
N 


7 16 D] 
5 49 E | 


Bearings | 
1 at b. 


26 33. 


29 34 | 
32 15 


SECTION 22.1 
Diff. of 


55 . 
*$-S 4 
10 20 | 


Alt. 


"By A 


20 91 


Pole. | 


— 


0 wv GM > W DN 


IO 


SECTION 24. 


at 3. 


2 58 
4 409 
5 14 


Vert. £2 ; 


327 »| 
0322 


2 


| ata 


21 


121 
125 12 
130 23 
134 57 


10 29 
9 
58 530 
50 2 
= 


$4 


Diff. of 


Alt. 


29 
12 


D | : 


A | 


the mean Denſity of the Earth. 


| Vert. 4. 
at 5. 


4007 8 
3 9 
- 
911 
11 21 
12 44 


— 


1539 » 


52 24 


710 37 
81 35 
85 10 


"SKCTION 36: 
Diff. of | 


| Bearings 
at a. Alt. 
| 8 14 | 
4 
| 


115 
248 


Sog 


6597 
$02 - 


| 87 45 | 


| 


74 » |: 
54 A 


I Vert. £'s Bearings 
Pole. at ö 1 4s 
r| 17 53 5 6 35 | 
#1 2+ 26 | 49 &-1 
$15 # 1 a 60 LY 
4 | 3 * 62 oo 
5| 4% | 66 15 
6] 6 20 | 68 29 
4 8 10 


SECTION a6. 


2 


B 


Tor 57 


| 550 


SECTION 27. 


| Diff. of 


64 51 


ö 


O RP 
| 42 15 


37 30 


6 12 


"i 


| | 
10 23 D i 
1 


5 


10 420 
12 $38 
13 6 o 


* 


| 


View £%1 
3 


9 26 


at T. 1 


16 36 


1 


at V. 


N 


23 56 


28 45 | 2 
"Ta ws | 
| 37 46 | 
41 20 | 
45 24 | 
1.48 @ 4 


| 537 
. 
: "ov: 


2 
—S:. 


| 16] 8 16 64 46 924 

| Vert. L's | Bearings | Dif. of FT | 85 f 2 , 
3 War 3 : VHP 
. SECTION 29. 
33 | 67 12 | 20 | Vert. 4's | Bearings | Diff. of 
147 [5411 | 92 18 2 1 * 
o 10 b 50 15 3D 1 8 49 Þ | 26 9g 182 . 

1 
1 22 46 ff | 43 | 21 64: 2. 7 | 363 


- 


Mr. HUTTON's Calculations to aſcertain 


| 3] 42 38 45 13 

4 | 44 © "14 | © 

5 130 [49 34 * 

61. o 10 | 52 56 1 — 
7 ; 

8 

9 


29 13 | 
21 54 | 


2 55- 


dream... on 


n| o42t| 55 35 


2 12 58 28 


SECTION 31. 


Bearings 
| at v. 


O0 4 ö 


II 18 D 


Diff. of 


| 5 Vert. 2 
Pole. Alt 


nt v. 
10 40 
$48 | VN 
19 13 | 60 
TO ow | 4 
_ | 28 23 
31 43 5 


132 D 


N 
ST 


— . — — 
: —_ 


SECTION 30. 


Pole. Vert. £'s [ Bearings Dif. of 


— 
O 


at T. 


"Zn 
2 $$ 


2 46 


2 35 
2 26 


0 19 


| 49 
| 51 54 
43 37 


2 33 
4 23 
6 21 


BY 
| 81 © 


at v. 


4 


79 53 
84 
75 2 
7245 | 
70 16 
66 28 
62 32 


57 58 


* Alt. 1 
353 4 
313 
263 
233 
204 
179 
= 


e i K ow Wwe 


"www OW 
ma > GW 0 


16 | 


36 10 

[4941 | 
45 oO | 
' 50 47 | 


T8 6] 
"18 $1 


the mean Denſity of the be. 


— : | a C 
SECTION 32. | 546 20% „ 
Diff. of | 
Alt. | W 
"9.31 
87 12 | 
"= WT. 


K — 


Bearings 


at v. 


2 22 
2 25 


pole. 


51 46 812 A 
EL EET 
149 45: ] 631 Jj=— 

46 51 452 
| 45 30 A Pole. 
„„ 
% 32 | 214 Þf 
38 26 | 
35 57 ; 
| 33 of] 
[2947 
26 24 5 
Ip 

| 18 30 
[13 4 | 


SECTION 34. 


Diff. of 
3 * 


Vert. 2's 
at T, 


| Bearings | 


a Z. 


[me] 


477 al 


4432 a 


4 8 
$$ 
„ | 


10 


© Ow M wv. 


n — — - 


SECTION 33. 
Diff. of | 12 | 


Vert. 2% 
. BY 


F 


| 13 6 
915 
7 32 
5 10 


108 51 


139 DO I 
187 


1 
2 36 
1 30 


O 40 


| Vert, 4 


A 


F 
15 16 D 


| Bearings 


at Z, 


I 58 


126 | 


9 36 


.. 


Diff. of 
Al. | 


2 = 


86 


736 Mr. nur rox's Calculations to aſcertain 


8 21 


7 34 
5 38 


4 ut 1} 


3 12 
2 31 
I 42 
I 10 
© 52 


03. 


o 14 


A —— — ” 


——_—_ — 


—— ao. . 4 
2 : 8 1 N — * 


A Vert. Ls 


at U. 


17 42 D 


15 55 


12 39 
0:62 
BY 

9 


1 3E 
2 54 


[ S 4 
| 22 26 


„ 


n 


Bearings 


33 36 | 
1433 | 
44 45 

48 26 


50 52 
52 45 
54 40 


2225 


— et 


SECTION 36. 


Diff. of 


1 


= —_ 2 — —— 


— 0 


o © an þ> W NN mw 


- ."' 2 


| Vert. 4 


at u. 


3 83 * 


3 21 


3 


1 14 5 
1 

445 
6 25 


Lo 


| 22 6: 
| | 16 36 


| 60 54 | 


37 45 

30. 3 
50 40 
47 28 


— LT” GO — 


at 2. 


63 50 


43.0 


28 * 
23 43 


Bearings 
| 


38 4% 
| 33 74 


S$RCTION 37. 
Diff. of 


345 4 


166 
247 
300 


420 
5 419 


** 
0 
1 


Alt. 


286 
150 


23 
745 


348 


_—_— 


| 


| Vert, "G4 


at V. 


"Ros 
1 


1 


6.46 


5 27 


332 
2 49 
1 49 


Beari n 88 


. . 


= „ 
20 37 


ö 


SECTION 38. 


| Diff. of 
— \ 


| 405 
5 3¹ 39 | 
36 3 
40 30 

146 10 


438 
398 
314 


| 


ei. dit. ers 


the mean Denfi of the Barth, 


ic. 


Bearings 


at 2. 


Fo / 


69 7 


| 52 3 


45 25 


38 30 


8 
SECTION 39. 


Diff. of 
=. 


345 


366 


wa i 


29 * = 


1 


| 


| : 5 23 | 


—vy— 


SECTION 40. 


Vert. 2's 
at P. 


at r. 


Bearings 


27 16 
30 52 
34 30 


E 5 ; 


. 


| 


| 


— 


Vert. L's | 


at o. 
1 
10 41 D 


3 


11 31 
8 52 
5 38 


SECTION „ 
Diff. of 


Bearings 


FF 
23 33 
32 36 
37 23 
44 24 


46 39 


5 


— 


Alt. 


769 
682 
524 
480 


312 D 


Diff. of 
Alt. 


— 


510 D 


| 


12 | 


; 


13] 
oy 


o 
2 


O 43 


O 40 
ö 

o 10 E 
| 0 * 7. 


— 
—— 


Q F 56 26 
38 30 
59 53 


62 21 


© © O +> W W = 


— 
O 


— 
N 


1 L's 


at M. 


0 4 
O 17 D 


325E 
4 52 
6 52 
8 33 


15 10 
17 41 


18 38 
19 36 
13 


19 33_ 


111 44 


— — — — 


SECTION Y 


| Bearings | 


| ats | 
: ; 


| 90 25 
91 34 
93 © 
94 © 
94 34 

95 13 


| 96 2 


96 © 


2 5 
35 4 
88 53 
1 


1002 


& - +. » 
Lo; BY 


Diff. of | 
Alt. 
> 

72 a| 
. 
232 


439 
610 
187 | 


1292 
1506 


1727 


2 | 


SECTION " 


Vert, 
at 55 


O 4 : 
1a 32 


10 54 


Bearings 


| ata. 


2 


YoL. LXVIII. 


455 


71 


36 42 | 


MW. HUTTON's Calculations to aſcertain 


46 9 
49 34 
58 6 | 
62 38 341 
| 290 


. JOS. - 
614 
521 
389 


67 20 
188 34 1 421 


SECTION 44. 


Diff. of | 
Alt. 


S ow & ca > w 


— 


Vert. 2's B 
- . 
| 3 41 D 
121 x 20: 4 
BY oge | 


SS Ow om > wc. An” 


O 


SECTION 45. 


Diff. of 
Au. 


| Bearings 
at R. 


Vert. 2's 
| I at A. 


/ ” 


15 2 30 14 


6 101 ©: 


0 Ms : 


| 


[ 


4 38 
8.12 
5 58 


6.37 
7 1 


| 7 22 


4 Ai 


49 48 


50 45 
52 13 
54 58 
Sy 
E 39 


878 
| 1008 


16 4 
. 
598 
721 


1037 


Patel 


by 


© © vw & mu + . 


— 
O 


| — 
8 


— „ a = 


SECTION. . 


2 


111 
114 46 
1 116 22 
| 1 19 44 
121 17 


Bearings 
at c. 


122 244 
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„ 
6 16 
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1 
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47 48 


52 45 
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1 N 7 I 
31 10 3 13 52 | 221 | 1521 
s | 14 20 | 32 18 | 497 1758 
SECTION „ 8 
v Bent 2751 c -- £990] 
| ert. 4s] Bearings] Diff. of | - . 
role. M 1 at K- A 4993 
= © © 1 ; 120335 
I | 28 16 Þ | Not ſeen. no | 2991 
21 -25 20 4 0b $5 | 910 D | 1915 | 
31 22 23 ] 74 59 1050 | 1845 
141 22-12 76 22 | 1114 
— 2140. 2.9 1232 : 7 | 
The following are the ir regular ſeQtions. In the 
firſt column is the number of poles; in the ſecond the 
vertical angles; in the third and fourth the two bearings 
or horizontal ang gles at each end of the baſe; and in the 
fifth the computed reſult, being the difference of altitude 
between the foot of cach pole and the point mentioned 
in the ſecond column where the vertical an les were taken. 


9 


SECTION 60. . 5 
pole. Vert. £'s | Bear. | Bear. Diff.of SECTION 61. 
| | aus T A | " 5 | ns pole. 1 L's Bear. | Bear. Difof 

8 35 | 70 55 65 39] 8324] | EY 19 „ 75 
— 8 30 | 66 40 70 33/8580 | 1 0 31K 68 5171 9 10044 
3] 8 30 | 62 56075 9| 884 2] 9.3! 64 19] 77 50 1991 
| 4] 8 30 | 58 20 79 20] 892 | 3 9 31 | 6o 19] 80 38 1072 
| LY 8 30 | 54 27| 82 42] 891 - q 31 158 401 84 34 100 
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d | 

The three following ſections were taken in a manner 

different from all the reſt. They were made by mea- 
ſuring 1 in a ſtreight ſloping line (or nearly ſtreight) from 
certain points towards x and N, and at the beginning of 
the line taking the angle of elevation or depreſſion of ſe- 


veral places or points in it, whoſe diſtance from the be- 


| ginning were meaſured. In theſe caſes each diſtance is 


the hypothenuſe of a right-angled triangle, and the 
manner of operation is this, as radius 1s to the hypothe- 
nuſe or meaſured ſlope diſtance, ſo is the ſine of the ele- 
vation or depreſſion to the difference of altitude, and ſo 


is the coſine of the ſame vertical angle to the horizontal 


diſtance. 


„ 


pole. Slope Vert. 2's Horiz. Diff. of 
: Dic. at a. Diſt, | Alt. 


0 23 55 
463 7 50% 459 60 6 1824/5 4 1877] 157 
„ Ends | a | 
2 | 794 | 6 544 | 783 92 | 
, INOS: "OREN 
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Pole. 
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527 
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1585 


Diff. of 
Alt. 


153 
11 
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Beſides theſe ſections there were many more ſingle 
points, whoſe places and relative altitudes were obſerved 
and computed, but it is not neceffary to abſtract them all 
here. 
The following plate (Tab. VIII. Shs - 2 figures anſwer- 
ing to theſe. 72 ſections, each to each, according to the 
numbers. In theſe figures, the line having the letters p, p- 
P, &c. annexed is the ſection line, the letters P, P; &c. de- 
noting the poles; ; the other line, forming the angle with 
the ſection, is the baſe line; and between them are the 
degrees and minutes contained in the angle formed by 
them; at the angular point was obſerved the elevation or 
depreſſion of each point P, and the bearings or hori- 
zontal angles were obſerved at the other end of the 
baſe, from whence faint lines are drawn to ſome of the 
points P forming with the baſe line thoſe horizontal 


ang les. 


the mean Denſity of the Earth. 747 
angles. The baſe and ſection lines in each figure are alſo 
drawn nearly in the ſame direction as they are in the 
plan or on the. ground, ſuppoſing the top of the paper to 
be the N orth, towards which a perſon looks when vie w- 
ing the ground from the South. 

Having finiſhed the computation of the relative alti- 
tudes of all the Points, the next conſideration is how they 
are to be applied in determining the attraction of the 
hill. In whatever manner this laſt mentioned operation 
may be performed, it is evident, that all the points and 
ſections with their altitudes muſt be entered in the plan. 
Wherefore, havin g accurately conſtructed a large plan of 
the ground, as before mentioned, containing all the prin- 
cipal lines or baſes, at the extremities of which cither ver- 
tical or horizontal angles were taken, from them Ithen de- 
termined in this plan the places of all the other points in 
the ſections, whether vertical, horizontal, or irregular. 
Theſe places or points were determined by dr: awing lines 
from each extremity of the baſe ſo as to form with it 
angles equal to thoſe which were obſerved ON the ground 
for each correſponding pole; the interſections of theſe lines 
are the places of the poles, which having marked with a 
fine dot or point of ink, and written cloſe to cach point 
the proper number expreſſing its relative altitude, and 
cleaned the paper by rubbing out the lines forming the 

55 angles 
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altitudes diſtinctly exhibited in the plan (ſee tab. Ix.) 


here it ſoon occurred, that the beſt method was to divide 
the plan into a great number of ſmall parts, which may 
be confidered as the baſes of as many vertical columns or or 


_— = ad * — Heer Inner. a — 


ground may be ſuppoſed to be divided by vertical Planes, 
forming an imaginary group of vertical columns, ſorne- 


Piece of honey- comb; then to compute the attraction of 
each pillar ſeparately in the direction of the meridian; 


for the whole attraction of the matter in the hill, &c. 
Now the attraction of any one of theſe pillars on a body 
in a given place may be eaſily determined, and that in 
any direction, to a ſufficient de gree of accuracy, becauſe 
of the ſmallneſs and given poſition of the baſe; for, on 


be ſuppoſed to be collected into its axis or vertical line 


. as the mean ne of the pillar, is to be eſtimated 


7 


748 Mr. woTTON's Calculations to aſcertain 
angles by which the points were determined, there re. 
mained only the points with the figures expreſſing their 


It remains now to apply all the foregoing calculation; 
and conſtructions to the determination of the effect of 
the attraction in the direction of the meridian. And 


pillars of matter into which the Hill and the adjacent 


thing like a ſet of baſaltine pillars, or like the cells i in a 


and laſtly, to take the ſum of all theſe computed effects 


account of its ſmallneſs, all the matter in the pillar may 
erected on the middle of the baſe, the length of which 


from 
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from the altitudes of the points in the plan which fall | 
within and near the baſe of the pillar: : then, having 
given the altitude of this axis, with the poſition of its 
baſe, and the matter ſuppoſed. to. be collected into it, a 
theorem can eaſily be given by which the effect of its 
attraction may be computed. But to retain the proper 
degree of accuracy in this computation, it is evident that 
the plan muſt be divided into. a great number of parts, | 
perhaps not leſs than a thouſand for each obſervatory, = _ | 
in order that they may be ſufficiently ſmall, and by | 
this means forming about two thouſand of ſuch pillars 

af matter, whoſe attractions muſt be ſeparately com- 
puted, as mentioned above. The labour and time ne- 
ceflary for ſuch computation, it is evident, would be very 
great, perhaps not leſs than thoſe employed in all the 
preceding computations of the ſections, and all the other 
points and lines concerned in this buſineſs. For this rea- 
lon I was deſirous of obtaining a theorem or method by 
which the attractions of the ſmall and numerous pillars 
might be computed with the ſame degree of accuracy, 
but with Teſs expence of labour and time than when 
computed: ſeparately as. above mentioned. And in this 
inquiry the ſucceſs has been equal to my wiſhes, havin g 

at length met with a method by which the buſineſs has. 
deen effected in perhaps one-fourth or one-fifth of the 


—— —¾— 


theſe again divided into a ſufficient number of parts by 


7:0 Mr. HuUTTON's Calculations to aſcertain 


time that would have been required in the other Way, | 


This method I have inveſtigated partly from ſome hint 


of the honourable HENRY CAVENDISH, r. R. s. and parti 
from ſome of my own, which had been communicated 
to the Aſtronomer Royal in the years I774 and 17751 


of which method and its inveſtigation I ſhall now give 
ſome account. 


of all the methods of dividing the plan into a great 


number of ſmall parts, I have found that to be the moſt 


convenient for the computation, in which it is firſt di- 


vided into a number of rings by concentric circles, and 


radii drawn from the common center, that center being 


the obſervatory where the plummet is Placed on which 


the effect of attraction is to be computed. By this means 


the plan 1s divided into a great number of ſmall quadri- 
lateral ſpaces, two of the oppoſite fides of which are 
{mall portions of adjacent circles, and the other two are 


the intercepted ſmall parts of two adjacent radii, as ap- 
Pears by fig. 1. tab. x. in which, for the preſent, 


let the circles and their radii be ſuppoſed to be drawn at 
any diftances whatever from each other, till it ſhall ap- 
pear from the theorem to be inveſtigated what may be the 


propereſt diſtances and poſitions of thoſe lines. In this 


ſigure A is the obſervatory, AN the meridian, va all 
2 Eaſt- 
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gaſt- and-Weſt line, BcDE one of the little ſpaces, ander 
its center or foot of the axis of the pillar whoſe baſe is 
zcDE; the figure AwNEa being a horizontal or level ſec- 
tion through the point A. Join A, F, and with the center 
a deſcribe the middle circle GFH. Let a denote the len gth 
of the axis on the point F, or the mean height of the pil- 
lar on the baſe BD; and s= = the ſine of the angle of ele- 
vation of that Pillar as obſerved at A, to the radius I, or 


a 


75 Then will the magnitude of chat column 
> TA | 1 


= 


or its quantity of matter be exprefſed by 


XBEx a, 
which is ſuppoſed to be all collected into we axis: con- 
ſequently, if the attraction of each particle of matter be 
in the reciprocal quplicate ratio of its diſtance, the attrac- 
| tion of the matter in the pillar, fo placed on the plum- 
met at A, in the direction of the meridian AN, will be 


30+ED 5 | BC4-ED F 


247 X BEX A x n BE „ BE x SC 


nearly, ſuppoſing F to be equally diftant from Bc and 
Eb, and C * coſine of the angle FAN to the radius x 


But - 2 — x cis 5 nearly equal to 4 the difference of the 


lines Fo _ angles BAN, CAN, as is thus demonſtrated. 
Draw GK, FL, HM, perpendicular, and GP par allel to aw; 
and draw the chord H. Then AK, AM are the fines of 
the angles GAN, HAN, to the radius AF, their difference 


being: 
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being XM=6GP; alſo FL is the coſine of ran to the ſame 
radius: conſequently op: FTI d: c. But the triangles 
LFA, PGH are equiangular, and therefore GP: FL=GH: ap, 


Conſequently on: ar=d:c; or Zxc=d. This equa 
tion is accurately true when GH 18 hi chord of the arc; 
and as the ſmall arc differs inſenſibly from its chord, the 
ſame equation is ſufficiently near the truth when ou i 
the arc itſelf. Subſtitutin 8 now d inſtead of the quantity 


= x C10 the theorem above, It will become BExds for 


the meaſure of the attraction of the Pillar whoſe baſe i is 
BD in the direction AN. Which i 18 as eaſy and ſimple an 
expreſſion for the attraction of a fingle _=_— as can well 
be defired or expected. | 
But to make the application of this theorem 2 ſtill more 
eaſy to the great number of ſmall pillars concerned i in 
this buſineſs, let us ſuppoſe BE and d to be conſtant or in- 
variable quantities, and then it is evident that we ſhall 
Have nothing more to do but to collect all the s's or fines 
of elevation of all the pillars into one ſam, and then 
multiply that ſam by the conſtant quantity BE, by 
which there will be produced the meaſure of the attrac- 
tion of all the pillars, or of the whole part of the ground 
on one ſide of we. Now BE will be made to become 
conſtant, by making the circles equi-diftant from one 

| another, 
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another, or by taking the radii in arithmetical progreſ- 
fon. And d will be conſtant, by drawing the radii ſo as 
to form with AN angles whoſe fines ſhall be in arithme- 
tical progreſſion; for then d is the common difference of 
the ſines of thoſe angles. Hence then we are eaſily led 
| to the beſt manner of dividing the plan into the ſmall 


ſpaces, vis. from the center a-deſcribe a ſufficient nun- 


ber of concentric and equi- diſtant circles; divide the ra- 


dius Al of any one of them into a ſufficient. number of 


equal parts, and from the points of diviſion erect perpen- 
diculars to meet the circle; then through the points of 
interſection draw radii, and they will divide the circles | 
in the manner required. 1: pg | 
Ina computation of this kind, we — only calculate 5 
the attraction of the matter above the plane or horizon 
of each obſervatory, and the attraction of ſo much matter 
a8 is wanting to fill up the vacuity below that plane lying 
between it and the ſurface of the lower part of the hill. 


For the South obſervatory, the attraction of the Southern — 


parts that are above it muſt be: ſubtracted from that of 
the Northern parts, to obtain the attration of the whole 
towards the North; that is, the Southern elevations are 
negative, and the Northern ones affirmative. The con- 
trary names take place with reſpect to the depreſſions, or 
the vacuities below the plane of the obſervatory; ; for if 
Vo * LXVII. 5 A the 
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the whole ſpace below this horizontal plane were full of 
matter to an equal extent both ways, its attraction Need 
not be computed, as thoſe on the contrary ſides would 
mutually balance each other; but ſince there are unequal 
vacuities on each fide, it is evident, that the attraCtion of 
the matter that might be contained in them muſt be de- 
ducted from the other two equal quantities, to leave the 
real attraction of thoſe two ſides; ; then ſubtracting the 
remainder to the South ſide from that of the Northern 
ſide, there will at laſt remain the joint effect of all the 
matter below the plane in the Northern direction: but 
as the one remainder is to be ſubtracted from the other, 
the two equal quantities may be « omitted in both, and 
only the effects of the vacuities brou ght! into the account, 
which being twice ſubtracted, their ſigns become con- 
trary to thoſe of the parts above the horizontal plane; 9 
that is, the effect of the Southern vacuity is affirmative, 
and that of the Northern one negative. But for the 


N orthern obſervatory, when the attraction towards the 
south is to be found, the contrary names take place; 
rhat is, in the elevations the Southern parts are affirma- 
tive, and the Northern parts negative; but in the vacui- 
ties or depreſſions, the Northern n are — 
and the Southerss ones — „t. At ot 
71 Fl F i ö Möcht g 
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According to the foregoing method the plan of the 
ground was divided into 20 rings by equidiſtant con- 
centric circles, deſcribed about each obſervatory as a cen- 
ter; and each quadrant was divided into 12 parts or 
ſectors by lines forming, with the meridian, angles whoſe 
ſines are in arithmetical progreſſion; by which means 


the ſpace in each quadrant was divided into 240 ſmall 


parts, making almoſt a thouſand of ſuch parts in the 
whole round for each obſervatory, or near 2000 for the 
two obſervatories. This was judged to be a ſufficiently 
great number of parts to afford a very conſiderable de- 
| gree of accuracy; or at leaſt that number was as great, 
and the parts as ſmall, as was well conſiſtent with the 
degree of accuracy afforded by the number of points 
whoſe relative altitudes had been determined. 


In this diviſion the common breadth of the rings, or 


the common difference of the radii, 1s 6662 feet; and 
the common difference of the ſines of the angles formed 


by the radii and the meridian is th of the radius; and 


conſequently, thoſe an gles are expreſſed in degrees and 
minutes as here follows, vis. 4 47 9* 36, 14* 290 
1928, 24 37, 3070, 35% 41% 417 ** * 355 
56 26/2, 66* 26/2, 90 . er 
Tab. 1x, contains a ſmall plan of as principal _ 


* central part of the ground, accurately divided in the 
5 A 2 above 
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above manner for one of the obſervatories, namely, the 
Northern one, with the places of all or moſt of the 
points which fall within this part of the ground, accu- 
rately laid down and marked with dots, as alſo ſuch of 

the included letters as have been before mentioned i in 
this paper. 1 ie e ee 
In this plate RABCD,' &c. is the chain of: Ration; 


around the hill; v and K are the Weſt and Eaſt cairns on 


the extremities of the ridge of the hill; o the Southern 
obſervatory, and v the Northern one. Of this kind were 
made two large plans, one divided for each obſervatory, 
from which were eſtimated the mean altitudes of the 1. 
lars erected on the ſpaces into which they are divided. 
Theſe altitudes are eafily eſtimated when ſeveral of 
the points fall near and in the ſmall ſpaces or baſes, eſpe- 
cially when they are near the middle of them; but, nu- 
merous as the points are, there are evidently many baſes 
in which none at all are contained, nor even near them. 
This circumſtance at firſt gave me much trouble and diſ- 
| ſatisfaction, till 1 fell upon the following method by 
Which the defect was in a great meaſure - ſupplied, 
and by which I was enabled to-proceed- in the eſtimation 
of the altitudes both with much expedition and a conf 
derable degree of accuracy, This method was the con- 


necting together by a faint * all the — which were 
of 
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ot the ſame relative altitude: by ſo doing, I obtained a 
great number of irregular polygons lying within, and 
at ſome diſtance from, one another, and bearing a conſi- 
derable degree of reſemblance to each other: theſe poly- 
gons were the figures of ſo many level or horizontal ſec- 
tions of the Hills, the relative altitudes of all the parts of 
them being known; and-as every baſe or little ſpace had 
ſeveral of them paſſing through it, I was thereby able to 
determine the altitude belonging to each ſpace with 
much eaſe and accuracy. In this eſtimation I could ge- 
nerally be pretty ſare of the altitude to within ten feet, - 
and often within five, which on an average might be 
about the tooth part of the whole altitude; and when 


Is very great, and that it is probable the ſmall errors 
among them would nearly balance one another, the de- 
fect of thoſe that might be reckoned too little being com- 
penſated by the exceſs in thoſe which might be taken too 
great, we need not heſitate to pronounce, that the error 
ariſing from the eſtimation of the altitudes is probably 
ſill much leſs than that part. 
Le was neceſſary to determine theſe altitudes of the 
pillars, in order to compute the fines of the an gles of 
elevation ſubtended by them, as the theorem requires 
the uſe of theſe fines; and the very eaſy method uſed in 


6 deducing 


we conſider that the number of ſuch eſtimated altitudes | 


— 
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_ deducing the latter from the former ſhall be explained 


after we have, as below, regiſtered the altitudes of all the 


Pillars as they were computed. This regiſter conſiſts of 


ſixteen tables, namely four quadrants of {paces in the al. 
titudes, and four in the depreſſions, for each obſervatory, 
as ſpecified in the titles of them. The numbers are feet, 
like all the other dimenſions. The numbers on the ſame 


= horizontal line from left to right are ſuch as are all in the 
ſame ring; and thoſe in one and the ſame vertical co- 


lumn are in the ſame ſector, or between the ſame two 


radi; the number of the ring, counted from the com- 


mon center, is written in the left-hand margin; and the 


number of the vertical column or diſtance of the ſpace 


or ſector from the meridian, at the top; alſo the radius of 
each ring, that is, the line from the common center to 


the middle of the ring is written on the ſame line with 


it, in the right-hand margin. It may be further re- 


marked, that in ſuch little ſpaces as were cut through by 
the boundary line between elevations and depreſſions, 


thereby making but a part of ſach ſpaces i in each of 
thoſe denominations, each ſpace was accounted as a whole 
one; but then the mean altitude or depreſſion in each 


part was diminiſhed in the proportion of the whole ſpace 
to the part of it ſo included in the boundary. The alti- 
titudes and depreſſions are put down firſt with reſpect to 


tbe mean Denſity of ihe Earth. 
the Southern obſervatory o, and then for the Northern 
obſervatory P; and in each, the altitudes are placed Ert. 
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I. Altitudes above o in the N. W. quarter. 
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4 1000 980 | 950 91870810730 6/70 540 400 330 170 | 23330 
5 hr02c[1020|1020|1030|1030|1020| 970770 | 570 470 390 130 3000 

"y 

& 

2 


F ˙à—à— n ̃⅛——ůwr , 


 [6750|710|770|810| 840 860910 890 720 650| 400 303667 


N 


290 320360390470 59 10 | 759| 780 | 600|280| 4333 


i200 170250 42063055 10 000 
4 7 Wis (0 I {|_| [110] 360[420[r70| | 5667 
t I 3 | 79 [180] 120| 6333 \ 
18 2040 50 | 40 | | 11 — 
79 5881881881888 —2—d 335 
20 |130|130 | 130| 120 | 1 113000 


13. Depreſſions below in I the N.W. quarter. 


nm YR" | 1 4 21 E T +. 8 | g[10| 11 | 12 Nadi. 
_1 |100| 95 |-9o | 8g | 80 | 75 | 1 60 | 50 403015333 
2390 380 360 | 330 310 290 270 240 210 180150 bo | loco 
520 | 510| 50490480 470450 430410 370270 80 1067 
580640620610 590| 570| 550| 530 500| 460| 300 90 | 2333] 
5 |830|820| 760 | 720 | 600 660 | 630| 5 | 550 | 500 380 130| 3coo 
| 880 | 860 | 850 | 790 | 730 | 700 670 640| 580 | 480 | * 340 | 280 | 3667 
| 910 | 900 | 860 | 830| 790 720 630 620] 54550 440185 43330 
| 850 | 840 800 830 710|610|510| 580| 530 | 430 | 5000 
830 |830|830|830|830|830| 760 | 70 57 520 50330 5667 
730 740755770785 800 815830 780| 750 7520| 460| 6333 
730 | 750 | 780 | Boo | 830 | 860 | 560 | 880 | 880 | 860 820 | 520 | 7000 
770810 860910930950 | g0o | 950 | 930 | 880 | 580 7067] 
770] 840| 910 | 950 | 990 rt030|1050|togoſiogo| 950 | 950 | 650 8333 


| © E 8 BY | = ER EE 
8 


RI 
GA) 
ad 
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| 
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14. Depreflions below » in the N. E. quarter. 


| 

(fre 1] 2] 31] 4|_5| 6] 7] 8] go] | 12 Rad 
1 [8 | 75] 70|65|60]|55|50|45|40|35| 30 | 20 | 335% 
2 |330| 325 320| 300| 280 | 260 | 249|220| 90150 110 30 | 1000 _loop 

K 3 | 520 | 515| 505|490|475|460|440|420| 400] 330 240 bo | 166; 
. | 660 | 675 | 690 | 700 | 700 | 690 | 660 | 620 | 560| 470] 350| 25 | 2333 2333 
5840 840 840840 840 | 830 820770 720 b 440 100 
6 | 860 | 880 | goo | 920 | 930 | 930 | 910|870|830|740]570| 240 
7 | 920 920 | 920 | 880 | 880 | goo | 930 | 940 | 930 | 840 | 680 | bio. 
18 |920|840|780|780|740|720|770|870|920|970|goo|630 | 5oo 
9 | 729 G50 | Gao [boo | 600) 560] 5h 670|850|950| 940 | boo| 5667 
0 74 700 | 620 | 520 | 500 | 500 | 500 500 | 520 | 720 | 960 | 650 | 
: 11 | 700 | boo | 600 | boo | 620 | boo | 580 | 560 | 540 | 920770 

| 12 720 700| 680| 703|720|740 | 700 |740 | 570 920 | 820 
13 | 720|720|720| 720 | 700 | 700| 720| 720 | b20 goo | 920 | 8333 
15. Depreffions below ? pin the S. W. quarter. 
n 12 Kadi 
=” E wiwiet 111 . 
| 10 400 340 | 280 23190150 110 zo | [ | 6333 
1 11 | 00] 470| 410| 340| 290| 260 230 200 160| 30 | | 140 | oo 
12500510510 490410 370| 330 310 350 280 150| 260| 7667 
3480 5005510 54430 260 150| 230 280 360| 833 
14370 300 400430 450450 400210 10 | 110 230 | 9000 
| 15 260 260250 200 330| 330|310|130 | _ | 9667 
3 200 200 [150] 160 17 220 230 130 5 | 10333 
| 17 |130|130| go | 80 | go 110 


[12464 9] Jj +} | pu 
18]w[20|20] wjwijwlet | 1 1 p= 


———— 


+ 


Lie 


820 


11 


— 


<< &&) 
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1 Deprefſions below p in 1 the S. E. quarter. | 

e | 2 | MY K 4 | 5 | 6 ET #14 10 11 | 12 Racſii 

— 1 1. AS WH FE AH E JH e UE l. 1 4333 

1111. 

_ [200 O| 2 = 290 | 280 | 240| 150 150 | 30 1 1270 5667 | 
1 


26 

420 | 44040 440 40 370270 1400 | | | 339] 633 

11 530 540| 560 | 560| 550| 480 | 439 0 | 15040 | 40 | 439| 2009 

500 510 520 550 630 6500 500 430 290 230 200 630 760 

13 |459][430|420|410]430j570| 63 zo | 5 o| 430 480340 710 83330 

14 =] 330] 310 |290]280| 330] 510] | 590 | 630 | 5:0|>530 | 900 
770 760|710|870| 9667]. 

>| 

| 509 

| 


— 


10 1780 10015 150 130 11014235433 30 | 630] 830 790 | 880 [10333] 


— — —— 


17 [110] 80 | 50 | 40 | 30 | 99 190280 50 860 830 800 f 1000 
[18 | 10 £2: | 10 | 150 150 | 260 400 760| 830| 760 [11667] 

19 | EE ol 70 230 339600770 630 12333 

— Be: 1590199 © | 532 | 690 | $30 [1 3oorl: 


It remains now to find the ſines of the vertical angles 
ſubtended by all the foregoing altitudes and depreſſions, 
ſince the ſum of theſe ſines is what we are in queſt of. 
Each altitude or depreſſion is the perpendicular of a 
right-angled trian gle, of which the given radius ſtanding 
on the ſame line with it in the right-hand margin is the 
bale, or other ſide about the right-angle; and by the re- 
ſolution of the right-angled triangle, for each perpendi- 
cular, the ſame number of correſponding fines will be 
found. But with ſuch data the tangent of the an ole i is 
puch eaſier to be found than the ſine, and the analogy 


fer that purpoſe is this, as the baſe: to the perpendicu- 
lar: x (radius): the tangent required, which will there- 
fore 
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fore be found by barely dividing the given perpendicular | 


by the baſe; and if we find this number in its proper 
column 1 in a table of ſines and tangents, on the ſame line 
with it, in the column of ſines will be found the ſine of 
the angle required. This ſeems to be the eaſieſt way of 
reſolving all the trian gles when computed ſeparately. 
But as the labour would be very great in performing fo 


many hundreds of arithmetical diviſions, &c. either by 


logarithms, or by the natural numbers, inſtead of it, the 
following method, propoſed by the Hon. Mr. CavENDIss, 
was adopted, as being a much more expeditious way of 
obtaining the ſum of the fines required. This method 
conſiſts in finding, i in a very eaſy manner, the difference 
between each tangent and its correſponding ſine, from 
the given baſe and perpendicular, and then, ſubtracting 
the ſum of all the differences from the ſum of the tan- 
gents, there remains the ſum of the ſines. Several ad- 
vantages attend this method of proceeding : : for, to find 
the tangents we need not divide every perpendicular ſe- 


parately by its correſponding baſe, but add together all 


the perpendiculars that are on the ſame line, and divide 
their ſum by their common baſe, which is the radius of 
the middle of the ring, and is placed on the ſame line 
with them towards the right-hand; for thus we ſhall 
have little more than a twelfth part of the number of 

div11100s 


ſi 


the mean Denſi ity of the Earth. 767 
$rifons to perform: alſo a great part of the tangents are 
{ ſmall that they do not at all differ from their correſ- 
ponding fines in the number of decimals that it is neceſ- 
fary to continue the computations to, in all which caſes 
the trouble of finding the differences is ſaved; and thoſe | 
differences which it is neceſſary to compute, are very : 
readily found by inf pection on a peculiar kind of ſliding 
rule, which was conſtructed for this purpoſe, and of. 
which I ſhall here give a ſhort deſcription. 

This rule (the figure of which is repreſented tab. x. 
fig. 2.) conſiſts of three columns; one marked ar or 
baſe, which is moveable by ſliding it up or down by the 
fide of the other two which are fixed; of theſe twothe one 
contains the perpendicular altitudes or depreſſions, and 
the other the differences between the ſines and tangents. 
to the radius 1. To conſtruct the numbers on this rule; 
form a ſeries of logarithmic tan gents in arithmetical Pro- 
greſſion, of which the firſt term is ꝙ· ooo, and the com- 
mon difference o2 5; take out from a table the cor- 
reſponding natural tangents, and place them in the firſt 
and ſecond columns of baſe and perpendicular, and the 
difference between the natural ſine and natural tangent 
in the laſt column, marked Diff. To make uſe of this 
ſcale; look out any baſe and its correſponding perpendi- 
cular in their proper columns, that is, any radius and its 

COT 
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correſponding altitude or depreffion i in the fixteen fore. } 
going tables, without regarding the number of Places 
they contain, and bring them to correſpond; then, if 
they confiſt of the ſame number of places, the lower in- 
dex on the flider or firft column, or that anſwering to 
1000, points to the true difference between the ſine and 
tangent in the laſt column; but if the number of places 
in the baſe exceed that in the perpendicular by one, the 
upper index oo muſt be uſed. And 1 in this manner 
were computed all the differences which were neceſſary 
to be found, and placed in their proper ſquares formed 
by the meeting of the horizontal and vertical lines, or 
rings and ſectoral ſpaces, | in the following ſet of ſixteen 
tables, which correſpond to the foregoing ſet of ſixteen, 
each to each, according to the number of them, and 
marked at the tops with the numbers 1, 2, 3 &c. to 12 
for the ſectoral ſpaces, and with the number of the rings 
on the left-hand margin. Alſo, in the column imme- 
| diately after the number of the ring are placed the radi 
Which formed the laſt column in the preceding tables; 
then, in the third column, are placed the ſums of the al- 
titudes and depreſſions found i in each line of the former 
tables; and, in the next column, the quotients found by 
dividing the numbers in the third by thoſe in the ſecond 
column; theſe quotients are the ſums of the tangents 


belonging 


* * 4 21 * 
1 „„ * 
hd * Ce = FA >) ü 2 * 


"the mean 2 of the Barth: 1 
Lee ging to each line or ring, which viola g all added 
together, their total is placed at the bottom of the co- 
jumn: after this follow the twelve columns of differences 
before mentioned, which are ſucceeded by one more co- 
lumn containing the ſums of each line of theſe differ- 
ences, which ſums being added together, their total is 
placed at the bottom of them; and this total is the ſum 
of all the differences between the ſines and the tangents, 
and it is therefore ſubtracted from the total of the tan- 
cents in the fourth column, when there remains the ſum 
of the ſines as required. 


1. For the um of Ic 1 of alt. Above” 0 in "the T 
122 N W. quarter. N „ 


133 |; of [328] 4 Bo | = | 8 {| 
Rings.| Radii. n of [Sum of | x | 2 137 71849 oll _ x 
Bip | Tang E _ _] 
_1 | 333x | 2175 | 65525- re eg 397078017 360 883 
_2 | 1000 | 6265 | 6-265|88|g0|88|8 75|56[40|29] 4] 790 | 
(_3 | 1667 [10045 | 6-027 | 79| 86, 197193164/48j21} 71] 758] 
_4 | 2333 | 9300 | 3986| 12|12| 13} 17 [23]27139[43]45[16| 4] 251 
_$ | 3200 | 7275 | 2-425] [1 [1 [a] r6[27[13] 31 | 83 
6 | 3667 | 46gs | 1-280] | | | | [rÞiÞ3]7folel | 23] 
1711 4333 | 2735 | o'6zz] LIE 
5000 | 1625 | o-325] | | | "© EE 
_9| 5667 | 6750 | o- e n LEE: Wwe 
J0 | 6333 | 60 | ovog| | | | | ER RAA 

127591 = tum of tangents. Sum of 1 12˙796 
2.796 = ſum of the diff, 
24*795 = ſum of the fines of alt. above o in che N. W. 
I | * 

Vo L. LXVIII. 5 C 
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_— — de. * 


2. For the ſum of the ſincs above o in the N. E. . quarter] 


E 8 Z 2B WS ks FT 
| Sum of 

Rings. Radi. Sum of [112341516178 1001.1. um of 
hp | 2 lang. wk 5 7 . | | Vi 
[+ [3332 Þ 1965 | 5895 197192[92187/80j71156143/33124115) 51 5 


1000 | 5360 | 5:360 1686715 ;10-159!59[53143135[23] 9] 1 | 541) 


V1 
| 3 1667 | 8275 | 4965 66153152[49/47|+7]30|31]25/20/13 tr] 43 
4 | 2333 | 7555 | 5238 101010 1010/1121415] 8[1[ 124 
|_5 | 300 | 4410 | 1470 | | IIII2J2J2I4 z 
6136 17 | #$[I[[LLELCELEETTIN 
INLET HC YHHEUORHEESSSTED RS 
ER 1 50 | % 2 [1 is EY L | E 
FFV Jos = for of the tangrom. n 
1808 = ſum of the differences. 
5 F 19 * — : fum of the fines. ow ff 


| 3. For the fam of the ſines 4. For the = of The Tae 
above o in the S. W. quarter. above o in the S. E. quarter. 


FEE 
r 15 $i :{ 131 mew! 290] a]. 
1-41 251 £1 $1 Jr] 2 931 - 
721 7667] aol 51 9 [12333 [2450 | 18. 
231 dnt 1-3 — 20 | 13000 IP 164 | | 
| 14 | gooo | 100 5 © Bhs . Is = 
& 5 9667 | 200 | -- - WY | : of che tangents, or of the Lines, the 
1610333 1960 8 190 | diff, being nothing, 

| 17 | 11000 | 3720 | _ 338 — 


[38m [570 [4951 
| 19 123337250 573 | 
20 20 | 13 — > | $920 a =«c a 
2374 um 
| of the tangents, or ſum of the fines, || 


| as the diff. between them are nothang 
| in this RAR. 


— —— 


0 
—: 


— —e— — DA 0 
—— — 0 — — — — —— . — cc. - 


; — — 
— 
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| G. For he 7am of the Fines below o in "ihe N.E. quarter 


5 For the ſines below o in the N. W. quarter. | } 
| IS9=t HEE] 
* Radi. | Perp. Sum of 12345 6 7 Je e. 
= TS 1 1 j 111113 =] 
| 3667 | 145 | 0040 ES LES e e e 
E BS 
8 5000 | 2370 474 | | $@ZS ENS © AFR 
[9 |_5567 | 4325 | 763 eee 
10 | 6333 | 5910 | 933 [i|i|iÞififal JF | 6 
| 7ooo | 7520 | 1074 [i[i|i|ijijiji | || | 7 
—7667 | 9280 | 1-210 [2[1[1[1[1[1[i[1 [IS 
|| $8333 | 10140 | 1-219 [2[1|i]ſiſiſiſiſigt] 10 
| gooo | 10700-| 1078 [i|i}ififiſi ſia} | | | 9 | 
| 9007 | 11580 11908 11 1 1 1 1 1 1114 111 bin PE = þ 
| 10333 | 11970 | 1159 1111111119 
17 | 21000 | 12250 | 1105 [|i}i|ii}iſi}iI E10 
11667 | 12280 | rog2 |1|1|1]1[i]i[iſiafiaſi | | © 
12333 | 12750 | 1034 | | |i[i]i]|iſiſipuſa | | 3. 
| 13000 BU > 1022 [11111111 III 
. 25 13˙ 635 = um of the tangents, Ü | „101 
1101 = ſum of the differences. | 
113534 = ſum of the 2 =} 


; ? 8 
＋6— : 


s C 2 


] nnen eee 
586 |_| HANZLSLE EX 9 HO 

B19] JE MEHEAPD] n 
5000 2980 | 596 | | | | | | | EEE 3-5 
[$671 a] as Jo [218i 1 1-1-1 1-1 7-5 

| 6333 | 9900 | races [x[3[ujfufafuf Fj jj 6 
ooo | 9440 | 1349 12 [2 [2 [1 e 

| 7667 | 11460 | 1-495 [2[2|2[2]2[1]i]i| [ill | T5 
8333 | 13080 | 15570 [1101012211111 14 
| gooo | 13290 | 14477 [1111110101111 12 

i5 [9667 [12670 311 [1 [30 [3 [apa fuſe ſi nn 
16 | 10333 | 12260 | 1177 1 1 i iii 
17 | 11000 | 11850 | 1077 | | | nnn 
"112-441 = ſum of the tangents. 085 

08 5 = ſum of the differences. 1 

12350 = ſum of the ſines. 


= n TY" . * n mis m rh yo 
CY 1 + ths &# Xa > AM 5 2 n a Þ, C 
l * mv 1 RN * hb | HF a 
* * * N * * 4 * 
- * 
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2 For the ſum of the fines below o in the S. W. quarter. 


FFA TC | amol 5 

* Deo. dum of | 12 5167/8890 N 

© | PP: | Tang, | | Je eee 

1445 ] 4335 i100 [3a l Ml | 

3460 | 3:460 |2827]26ſ25[19]17]13[91615]2] | mM 

$370 | 3222 | 21|19]17]15|1 3118] 16j6]5]4 442 136 7 

_b650 | 2850 [1511413] rajoſs[8]s $I31z| | 55|M|. 

7640 | 2547 [1191 Nes 3j2] „ 

8260 [2253 [5|5|5 515] oE 3131.2 I Y 

_ 8260 | 1906 j2[2]2j2|[313|[3]3]2[2|i] | 25| WM. 

7840 | 1568 |1|i}ifijiſilaijoſeaſaſi] 15 5 

56580 1101 [1[1[1[I[I[IIIIII III | it I 

e | 

E . HEENDBEURD HERD 

3150 | 412 BY TY x | | BY CT TS 1 

06 Nn 

LOEL ANC TCCECTC.. 

Fe III T0 

EI _210 | i 2: 1 [ | SH 1 1 L | _ 2 3 

1 728 = ſum of the tangents. 922 

| ©4922 = ſum of the differences. - 1 

24.806 = ſum of the ſines. | 1 

0 . 
bl 
wy a 
CLARE — 
Il. ; i 
RICE | 
i} | how 
ll y 
1 — 
0 

| a 


* 12 * 
| ad e 
= a; * 
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8. For the * of the ſines below 0 in che 8 E. quarter. "T1 | 
Fa Sum of 32 I. 1 144 MI ls oft 
die, Radii, | Sum of 11213 6]7|8[gſiolajieF i. 
ad Dep. | Fin: 8 45 1 by KW WR. | 
1] 3331 | 1519 | 4539 [$1[51[47143]49135|27121117]1 3117] | +357 | 
"2 | 1000 | 4120 | 4120 [28128128128[28|27}25j21]17}13}8f1} 252 | 
$1 1667 | 6510 | 31906 [21121[21 21121[21]21|19]16j13]g| 1] 205 | 
"4 | -2333 | 8970 | 3459 |r6|16|15|15|15)15]14114)13]hio|6]1] 150 
'5 300038990 | 2997 |9|9|9|9|y|g}glgig|81s|ri| gs} 
6 | 3667 | 9280 | 2:531 |5|5|5|5|S|5|5S|SI61614|i] 57 | 
74333 8449 | 1948 |2]2|2|2|2]2ſ2]2|3]4|3]1] 27 
8 | 50 | 7490 | 15498 |1iji]iÞiÞifiji i i2ſ2|i| 14] 
"9 | 5667 | 6630 | 1-150 | | |i| |] | | [r]z]uſa 6 
7 333 | 6070 | 2, 
n|_jooo|_ cio | 730 |_| | j3j | | [14 [aJ8ÞÞ] 5] 
2 | 7667 | 4210 [ 349. Ta[Tity 
| Tg! a6] Bs | [ILL 3] = 
uy go} nl nne - 
15 9667 3020 313 55 | | E 11 2 | 11% 
»] went > ew [ITE] +? 1 
ii | 2 I FEE EL. 7 RTE If 
1.316872 
CEC RU JE ESSEN EE lf . | [| 
[1350] 150 17 | [In | 
: +> 403 = ſum of the A - | 1*190 | | 
| 1.190 = ſum of the differences. 5 | 
29'213 = ſum of the fines, 1 
: | 
9. For che 3 of the ſines 1 o. For che fm of che ſines 
above v in the N. W. e rake P in the N. E. quarter. 1 
+] 233 1 mls i —_— 
[$1 wo] wi © WIG, FHP 6 RE „„ 
. WW © Ba | 7 0 1H RO : 
7 at sf 2 al a] = &@ 1 1 
Ae x Lee] el gl. 
Jo oi9 = ſum 6 | . 3667 | 5 r 
of the comm, or ſum of the fines, || WATT | o-0go = ſum 
| they have no difference in this qua- | of the rangents, or ſum of the fines, | 


drant. . | they being e equal in this — 4 | 
| 


4 
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11 1. For the ſum of the fines above e in the 8 W. quarter, 


3 P Bum of! 2 
Aings.] Radii. Sum of 12 567880 [ion 
ding AT 18 8 3 +15] 7 11 bi 
Fr | 33:3 | 1110 | 37330 [17]17]15|15[13[13]1-[12110| 8161] 199 - 
2 | 1000 3150 E 3:150 18ʃ12J10014J13ʃ1 21101006621 27 : 
]_3 | 1667 | 06780 | 4:068 [28[28|28[28]28]27]23[20]18|14|5|1| 248 ; 
4 | 2333 | 10939 | 4684 [37[38[39]49[41]42|38[34[26118| 7 |1| 301 ( 
|_5|_ 3009 | 13740 | 4580 |18]23]34[33/38]39[37]34133[26114] 2 | 331 
"7 4 667 | 11240 | 3.005 3586214160191 18 . 
71 081 R109 23588 IIZ 
395.8 
2 IT e |- 
COYNE SEED FFF 
HL FF ILIOIIELIFELE. 
eee 
1 11000 970 . E ESR n 2 1 
| 1 | 11067 1500 = 1 — 1 E E L 
EI IRE MISSIESECSSSE JK 
{ 4 nd 13000 | _3139 | 241 EE 
of | 264431 = tum of the tangents  |[1353 
bl 3 1353 = ſum of the differences. | 1 
i . 6-4 25 07&.= ſum of the fines, | 


12. Fe or ihe fm of the fines above P E 8. E. quarter. 


LV 
13337 | 111 3350 [17]17]15]15[13[13[12]12[16|8[6|1| 139 
2 | 1000 | 3150 | 3150 |[18|17]16[14[13]12]12]10[6|5[2]1| 125 
= | 1667 | 5890 | 3534 128[26[23]21]18[16|14]12|g|5 2|1| 175 | 
|_4 | 2333 | $420 3.609. [34133/39]26]24118]15]12]6]4|[1|_|_203 
| 5 | 3-00 | 9449 | 3'147 [18]18[1818118]18]16|[g|3]2]1] | 159 
_6 | 3667 | 8260 2.253 |3|4|5|5|5|6|8]7]4|3]i] | 5 
_7 | 4333 | 5539 | 11276 | | [i] 1102[3J3I1 [on 
S$j got 901 48 [TILE T iT 
ol a] ot] nn 
ERC WE SHESPPSPUIULESDSWMA | 
1 i AI FETTE.: 
. . EMEAMWEND = = MA 
K-48. -..4c nnn 1 


2848 = ſum of the differences. 
20.201 = ſum of the fines, 


_ {21*109 = tum of the tangents, —o'b48| | 
| 


_- I — - 
_ — — 


he - of ihe Rerth. © 99 & 9 | 


— i CG otEnmueaee dew AH . ADS toc — CCI” — — 


ö 3. 13. For the Ho of the fines below P in the N. W. quarter. 


| i 


—2 = | * | | 
Rings. Radi. 1 3 = of I | 3 4 0 6718 he roſa oe 
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12 | 7667 | 10280 | 1:341 [[ i Iii 9 
13 | 8333 | 11200 | 1.344 | 111IIIIIIIIIIIIIIIII 10 
_ Hs J 87 ho oe he am, fore | 
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[257 637 = ſum of the fines, _ a . F 
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TE | 26-790 = ſum of the tangents. | | -029 | 
629 = ſum of the differences. | 
20'161 = ſum of the lines. 


h. 


1 En 


776 Mr. nurrows Calculations to aſcertain 
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| Having now obtained the ſums of the ſines for the 
everal quadrants,” the next buſineſs is to collect them 
together, and deduct the negatives from the affirmatives. 
And this may be done either for each obſervatory ſepa- 
ntely, or for both together. I ſhall do them ſeparately, 
in order thereby to diſcover alſo the ratio of their . 
And, firſt, for the Southern obſervatory o. 


Affirmatives. . Negatives. : 

. WY; 3+ + 2374 S. W. 
.19˙792 N. E. Ja. 2 4 - . 0 375 S.E. Jai. 

6 . 24806 S. W. =. ls BP 534 N.W. 

8. 29˙2 13 S. E. }Dep. 6. 12˙356 N.E. } Dep. 
98 606 = ſum of affirm. 2 28: 639 ſum. 


28: 639 = ſum of egat. 


T 6g: 967 = effective ſum of the * for 1 
Secondly, for the Northern obſervatory v. 


r „„ . Negatives. 
. 25.07 8 S8. W. 9 . 02019 N. W. 
12 20˙261 8. E. 5 1 . 0090 N. E. Jo. 


13. bbs, Sees : 3 


97 157 ame, affirm, * ry 493 


x Tx WT 


} 


88- 3 effective ſum of the Gnes for . 
69 967 = the ſame for o. 


I 58611 - the ſum of the ſines 5 both Ges 
Vol. LXVIII. 89 From 
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From theſe numbers it appears, that the effect of the 


attraction at the Northern obſervatory is to that at the 


Southern one, nearly as 70 is to 89, or as 7 to ꝗ nearly. 
This difference is to be attributed chiefly to the effect of 
the hills on the South of the Southern obſervatory, which 
were con ſiderably greater and nearer to it than thoſe on 
the back of the Northern obſervatory. For although the 
Southern obſervatory was placed 27 3 feet above the level 
of the Northern one, which removed it conſiderably 
more above the center of gravity of the hill than the lat- 
ter was, it was at the ſame time placed conſiderably 
nearer than the other to the middle in a horizontal direc- 
tion; ſo that probably the one difference nearly balances 
the other; and accordingly we find that the ſum of the 
affirmative altitudes for o is 44 587, and of thoſe for y P 
45*3239, which differ by only a 45th part nearly. 


It only remains now to multiply the fum of the ſines 


by the common breadth of the rings, and by the common 
difference of the fines of the an gles made by the meri- 
dian and the ſeveral radii. It has already been obſerved, 
that the former is 666:, and the latter r; 
r * 666: = = V is their product: conſequently, 
158611 x == = 8811; nearly, i is the ſum of the two op- 


poſite attradionis made by the hill, &c. at the two obſer- 
vatories. 


In 


therefore 


te mean Denſity of the Earth. 719 
In order now to compare this attraction with that of 
me whole earth, this body may be conſidered as a ſphere, 
and the obſervatories as placed at its ſurface; ſince the very 
ſmall differences of theſe ſuppoſitions from the truth, are 
of no conſequence at all in this compariſon. Now the at- 
traction of a ſphere, on a body at its ſurface, 1s known to 
be cd, where d1s = the diameter of the ſphere, and tn 
F 141 6= the circuraference of the circle of which the dia- 
meter is I. But cd is the circumference of the circle to 
the diameter d; and therefore the attraction of aſphere\ will 
be expreſſed by barely ; of its circumference; which is a 
theorem well adapted to the computation in hand. The 
length of a degree i in the mean latitude of 4.5*, is 57028 


French toiſes (ſee p. 327. Phil. Tranſ. 1768): and the 


ſame reſult nearly is obtained by taking a mean among 
all the meaſures of degrees there put down, that mean 
being 5 57038 toiſes. I ſhall therefore uſe the round 
number 570 30 as probably nearer the truth. This 


number being multiplied by 6, the product 342180 


ſhews the number of French feet in one degree; but, 
by p. 326. of the ſame volume, the len gths of the Paris 
and London feet are as 76˙7 34 to 72, that is, as 4 263 
to 4; therefore, as 4: 4263: : 542180: 364678 = = the. 
Engliſh: feet in one degree; and this being multiplied by | 
360 the whole number of degrees, there reſults 
8252 EE 131284080 
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1312 840 80 feet for the whole circumference, Which 
are equal to 24864. miles, making 69 5 to a degreee in 
the mean latitude. Laſtly, 2 of rnb give 


8752 2720 for the meaſure of the attraction of the 


whole earth. 


Conſequentiy, the Whole attraction of the earth! is to 


- the ſum of the two contrary attractions of the hill, as the 


number 87522720 to 8811; 55 that i is, as 9933 to 1 very 


nearly, on ſuppoſition that the denſity of the matter in 
the hill is equal to the mean denſity of that in the Whole 
earth. 


But the Aſtronomer Royal found, by his odſervations 


that the ſum of the deviations of the plumb line, pro- 
duced by the two contrary attractions, was I 1*6 ſeconds, 
From hence it is to be inferred, that the attraction of the 
earth 18 actually to the ſum of the attractions of the hill, 

nearly as radius to the tan gent of 116 ſeconds, that i IS, 
as I to 000056239, or as 17781 to 1; or as 17 804 to 1 
nearly, after allowing for the centrifugal force ariſing 
| from the rotation of the earth about its axis. 
Having now obtained the two reſults, namely, that 
which ariſes from the actual. obſerv ations, and that be- 


longing to the computation on the ſuppoſition of an 
equal denſity i in the two bodies, the two proportions com- 


pared muſt give the ratio of their denſities, which is 


6 = that 


* * a 
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that of 1 7 804 to 9933, or 1434 to 800 nearly, or almoſt 
a 9 to 5- And ſo much does the mean denſity of the 


earth exceed that of the hill. 

Thus then we have at length obtained the object 
which we have been in queſt of through the very labo- 
rious calculations that have been deſcribed in this paper, 
and in the ſurvey and meaſurements from which theſe 


computations were made; namely, the ratio of the mean 
denſity of all the matter in the earth, in compariſon with 
the denſity of the matter of which the hill is compoſed. 
And that ratio we have found to be equal to the ratio of 
gto 5. And, for the reaſons before mentioned, I think 
we may reſt ſatisfied, that this proportion is obtained to a 
conſiderable degree of proximity, probably to within the 
fiftieth part, if not the hundredth part of its true mag- 
nitude. Another queſtion, however, ſtill ariſes, namely, 
what! 18 the denſity of the matter in the hill? Is its mean 
denſity equal to that of water, of ſand, of clay, of chalk, 
of ſtone, or of ſome of the metals? For, according to 
the matter, or different ſorts of matter, of which it is 
formed, and according as it is conſtituted with or with- 


out large vacuities, its mean denſity may be greater or 
leſs, and that in a degree which is not certainly known. 
A conſiderable degree of accuracy in this point could 
only be obtained by a cloſe examination of the internal 

ſtructure 


ſtructure of the hill. And the eaſieſt method of doing 


| through, together with their dimenſions and denſities, 


* 2 * $ * n 
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this would be to procure holes to be bored, in ſevery 


parts of it, from the ſurface to a ſufficient depth, after 


the manner that is practiced in boring holes to the co 
mines from the ſurface of the ground; for by ſuch ope. 


ration it is known what kind of ſtrata the borer is paſſed 


The proper mean among all theſe would be the mean il þ 
denſity of the hill, as compared t to water or to any other Ml fi 


ſimple matter; and thence we ſhould obtain the compa- n 
rative denſity of the whole earth with reſpect to water: Ml v 


but in the preſent inſtance, we muſt be ſatisfied with the I i 
eſtimate ariſing from the report of the external view of In 
the hill; which is, that to all appearance it conſiſts of an ü 


intire maſs of ſolid rock. It is probable, therefore, that Hr. 


we ſhall not greatly err, if we aſſume the denſity of the It 


hill equal to that of common ſtone; which is not much 6 
different from the mean denſity of the whole matter near I t 


the ſurface of the earth, to ſuch depths as have actually I 
been explored either by digging or boring. Now the n 


denſity of common ſtone i is to that of rain water as 2:t0 i o 
I; Which being compounded with the proportion of of: 
to 5 above found, there reſults the ratio of 4+ to 1 for Wt 
the ratio of the denſities of the earth and rain water; In 

that Nr 


6 
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that is to ſay, the mean denſity of the whole earth is 
about 4+ times the denſity of water. 
To what uſeful purpoſes the knowledge of the mean 


denſity of the earth, as above found, may be applied, it 


js not my buſineſs here to ſhew. I ſhall therefore put an 
end to this paper with a reflection or two on the premiſes 
before delivered. Sir is AAc NEWTON thought it proba- 
ble, that the mean denſity of the earth might be five or 


ix times as great as the denſity of water; and we have 
now found, by experiment, that it is very little leſs than 
what he had thought i it to be: ſo much juſtneſs was even 
in the ſurmiſes of this w onderful man! Since then the 


mean denſity of the whole earth is about double that of 
the general matter near the ſurface, and within our 


reach, it follows, that there muſt be ſomewhere within 
the earth, towards the more central parts, great quantities 

of metals, or ſuch like denſe matter, to counterbalance 
the lighter materials, and produce ſuch a conſiderable 
mean denſity. If we ſuppoſe, for inſtance, the denſity of 
metal to be 10, which i is about a mean among the vari- 


ous kinds of it, the denſity of water being I, it would 


require ſixteen parts out of twenty-ſeven, or a little more 
fan one-half of the matter in the whole earth, to be 
metal of this denſity, in order to compoſe a mais of ſuch 


mean denſity as we have found the earth to poſſeſs by 


I | ; Our 


* 4 
* * . * 
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our experiment: or , or between ; and - of the whole 

| magnitude will be metal; and conſequently 57 772 OT nearly 

z of the diameter of — earth, is the central or metalline 
part. | 

Knowing then the mean denfity of the earth in com- 

3 pariſon with water, and the denſities of all the Planets 

relatively to the earth, we can now aſſign the propor- 


tions of the denſities of all of them as compared to wa- 
ter, after the manner of a common table of ſpecific gra- tb 
vities. And the numbers expreſſin g their relative den- In 
ſities, in reſpect of water, will be as below, ſuppoſing the f 
denſities of the planets, as compared to each other, to be I f 
as laid down i in Mr. DE LA LANDE'S aſtronomy. p 
| Water * f 
W 26- b 

Mercury . . 9: 
% ES TD W 
The th... 4 © P 
ORR ” i 
The Moon .. 31717 — 
A 1 
ei 32 p 


Thus then we have brought to a concluſion the com- 
putation of this important experiment, and, it is hoped, 
with no inconſiderable degree of accuracy. But it is the 

firſt 
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arſt experiment of the kind which has been ſo minutely 
and circumſtantially treated; and firſt attempts are ſel- 
dom ſo perfect and juſt as ſucceeding endeavours after- 
wards render them. And, beſides, a frequent repetition 
of the ſame experiment, and a coincidence of reſults, 
afford that firm dependance on the concluſions and ſatiſ- 
faction to the mind, which can ſcarcely ever be had from 


a ſingle trial, however carefully it may be executed. For 


thoſe reaſons it is to be wiſhed, that the world may not 


reſt ſatisfied barely with what has been done in this in- 


ſtance, but that they will repeat the experiment in other 


ſituations, and in other countries, with all the care and 
preciſion that it may be poſſible to give to it, till an uni- 


formity of concluſions ſhall be found, ſufficient to eſta- 
bliſh the point in queſtion beyond any reaſonable poſſi- 


bility of doubt. What has been already done in the pre- 


ſent caſe will render any future repetition more eaſy and 


perfect. But improvements may be made, perhaps both 


in the mode of computation and in the ſurvey; in the 
latter, eſpecially, there certainly may. Some 1 improve- 
ments of this kind I have hinted at in ſome parts of this 


paper, which with others I ſhall here collect together, 


Mat they may readily be ſeen in one point of view. They 
are principally theſe. Procure one baſe, or more if con- 
venient, very accurately meaſured, in ſuch ſituation, that 

So. EXT --$K8 as 


1 


8 9 
a C >. g 3 
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as many more points as poſſible in the ſurvey may he 


ſeen from it. Aſſume as many principal or eminent 


points and objects as may be proper and convenient; and 


from each one of them meaſure the angles formed by 


all the reſt that can be ſeen, both horizontal and vertical 
angles, and repeat theſe obſervatiohs, if convenient, with 
the inſtrument varied or reverſed, taking the means 
among the ſeveral quantities of each angle. Take then 
as many ſections of the ground, and as far extended in 


all directions, as the time and circumſtances will poſſibly 


admit. Of the ſections, thoſe that are horizontal or level 
are the beſt, as they require no calculation; procure 


therefore as many as poſfible of them. In vertical ſec- 
tions obſerve the vertical angles, not in the plane of the 


ſection, but at ſome other point of which the bearing i Is 
alſo taken from the beginning of the ſection line, and 


where the horizontal angles of the poles are taken, for 
the reaſons before mentioned i in p. 723. And it will bea 
ill farther convenience if the ſection be made in ſuch 
direction as to form a right angle with the line drawn to 
the point or ſtation from whence the vertical angles of 
the poles are obſerved, as may be ſeen from what is ſaid 


in p. 721. It might, perhaps, be proper to make ſome 
experiments on a valley inſtead of a hill, taking two ob- 
ſervatories at the two oppoſite ſides of it, both for the 
greater 


of 
tl 
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greater variety in this intereſting problem, and becauſe 
alſo the ſurvey would be more eaſily made, on account 
of the ground being more in view at each ſtation than in 
the caſe of a hill, which generally hides more than half 
the compaſs from the obſerver. In computing the rela- 
tive altitudes of all the principal ſtations, let the opera- 
tions be performed mutually both backwards and for- 
wards, that is, from both of every two objects, having 
for that purpoſe obſerved at each of them the vertical 
angle of the other, namely, both the angle of elevation 
and the angle of depreſſion, and take the mean between 
the two computed differences of altitude; for this ex- 
dudes the neceſſity of making the proper allowances for 
refraction, and for the curvature of the earth; ſince the 
effect of each of theſe is balanced and corrected by that 
of the counter obſervation. But as to thoſe points in 
the ſections which are far diſtant from the obſerver, 
and where great accuracy is required, it may be proper 
to make the allowance for refraction and curvature, as 
there is generally no back obſervation by which their 
effects may be balanced. Theſe are the chief hints 
which at preſent occur to me, beſides the general infor- 
mation to be derived by the computer from the peruſal 
of the modes of computation that have been deſcribed in 
this paper. As to the ſurveyor, he will ſtrike out other 
5 E 2 convenient 
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convenient ways of meaſurement adapted to the circum. 


ſtances. with which the nature of the ſurvey may hap. 


pen to be attended. A 

A map of the country about Schehallien is hereunto 
annexed, to convey a general idea of the nature of the 
ground, and for the better illuſtration of the deſcription 
given in the former parts of this paper. This map is tab, 
XI. 


Woolwich, 
April 27, 1778. 
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XXV. An Account of the Blue Shark, 70 gelber With 
0 Drawing of the ſame. ak W. Watſon, Jun. M. D. 
ES 


Read June 4, | 
1778. 


vonſhire. It had got into ſhallow water, by which acci- 
dent Mr. MARTIN, a very great lover of natural hiſtory, 


and who Happened to be on the ſhore, was enabled to 

drag! it out by the tail, and to kill it on the ſpot. 
LINN.EUS places this animal in the claſs of amphibia, 

under the name of Squalus glaucus, and makes uſe of 


EDF s deſcription, viz. /qualus foſſula triangulari in 
extremo dorſo, foraminibus nullis ad oculos. As this fith 
15 well deſcribed by RONDELETIUS and others, I ſhall 
only ſubjoin the following remarks. There are two tri- 


HE fiſh from which the drawing was 
made was taken on the Coaſt of De- 


angular dents at the origin of the tail, both above and 


below; that which is on the back is biggeſt and deepeſt. 
No orifices are to be ſeen behind the eyes, as is uſual 
with fiſhes of this genus. Two white membranes, one 


to each eye, perform the office of eye-lids. They are 


placed beneath under the external integuments, and 


mov 
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790 Dr. WATSON's Account of tbe Blue Shark. 
move upwards when they cover the eyes. It is furniſhe 
with five rows of teeth; theſe are triangular, and fineh 
ſerrated'”. The body is of a fine blue colour, dark o 
the back, lighter on the ſides; the belly and all the unde 
part of the fiſh white; the fins and tail were of a dirt 
blue; the colour of the blue part is exactly repreſente 
by different ſhades of indigo blue. When the head wa 
placed downwards, a pretty large white pouch came ou 


of its mouth. LIAN 8 this to have ſerved a8 al 
aſylum to its young brood in time of danger. The 
length of the fiſh from the tip of the noſe to the end of 
the tail was ſix feet eight inches; the length of the pec 
toral fin one foot four inches: the ſcale annexed to the 


drawing will give the meaſurement of the other parts 
It was a female, and weighed fifty-five pounds. An out: 
line of the under ſide of the head is added, in order t 
ſhew the ſituation of the mouth. 
As I have never been able to ſee an accurate drawing 
of this fiſh, and as Mr. PENNANT, in his Britiſh Zoology 
wiſhes a farther account may be given of it, I thought! i 
not unworthy of the Society s notice. The fiſh itſelf wa 
ſtuffed, and is now at the Britiſh Muſeum. 


(a) I cannot ERGY how many rows of teeth belonged to each jaw, the) 
being ſeparated by boiling before they were properly examined. 
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XXXV. 4 Deſcription of tbe Exoccetus Volitans, or Fly- 
ing Fiſh. By Thomas Brown, Surgeon, near Glaſgow. 
Communicated by Dr. Fothergill, F. R. S. 


Read June 4, I. E beſt repreſentation I can give of the 
_ flying fiſh is in the accompanying 
ſketch, an from one of the middlin g ſize, about nine 
inches long, and full four round at the thickeſt part“. 

From the largeneſs of the head, and the body being 
neither prominent above or on the ſides, the eyes are 
ſituated i in ſuch manner as to diſcover their danger or 
prey almoſt all around them; but when they are puſhed 
out of their ſockets, which the fiſh 18 capable of doing 
conſiderably, their ſphere of viſion is greatly increaſed. 

The ſkin is uncommonly firm for the ſize of the ani- 
mal, and their ſcales large and thick. As they have no 
membrane to ſhade the eye, they are not able to cover 
the pupil i in any of its motions. 

The wing is no other than a large pectoral fin, com- 
poſed of ſeven or eight ribs or pinions, the largeſt of 


which being uppermoſt, reaches almoſt to the tail, the 


(a) The n. ked out- line ſhows the form of che mouth when opened. 


3 Mr. BROWN's Account of 
reſt gradually ſhortening to the bottom, are connected 
by thin membranous pellucid films or webs from their 
roots which ſpring near the gills to the very ſummit 
where they lole themſelves in {lender points: at their 
thickeſt ends approaching each other, they unite in 1 
line, which, in correſpondence with the form of the ills 
is nearly the ſegment of a circle; though there they ar: 
connected, it is in ſuch a manner as to allow of being 
drawn a little aſunder, which ſeparation is conſiderable 
at the other extremity. The united ends are grooved or 
hollowed, to receive a ridge or protuberance of the ſca- 
pula, to be afterwards mentioned, forming a joint capable 
of little motion, excepting backward and forward; in 
the one caſe, the wing lies cloſe to the ſide; - in the other, 
it is moved from the fide forward, forming an acute or 
rectangle with the body of the fiſh; but neither at this 
time expanded. Theſe two motions are performed, [ 
preſume, i in common ſwimming. 

The fore-part of its body, from near the back on 
downward to the bottom, where it terminates in a point, 
is fortified juft behind the gills by a flat bone on each 
fide, which anſwer all the purpoſes both of clavicles and | 
ſcapulz in land animals: they are firmly united before, 5 
or at the inferior part where they are narrov. cr, and run- g 
ning upward, widening as they approach the back, they a 

„ become 
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decome ſomewhat hollow towards the body, and a little 
convex outwardly at the broadeſt part; but towards 
the gills the edge of the bone on each ſide is turned 
outward, like the cape of a garment, to form a ſmooth 
ſurface for them, and at the ſame time to give lodgement 
to a ſtrong muſcle under it, which fills the whole ſpace, 
on the ſuperior part of the bone; for on the poſterior 
part of it the articulation i is made with the wing. 

| Juſt above the joint the ſcapula is ſmooth | and hol- 
flowed, in the manner of a creſcent, to allow a tendon to 
paſs from a ſmall muſcle which lies on the inferior part 
of it, next to the body of the fiſh. 
The upper part of the ridge that forms the Joint, and 
lis received by, or articulated with the wing, is rounded 
and ſome what enlarged, over which the ſtrong tendon, 
pound down by a ligament, together with ſome fibres 
of the muſcle lodged under the inverted edge of the 
gone, is obliged to paſs, and, going over the joint, is in- 
ſſerted into the root of the · ſtrongeſt and uppermoſt pi- 
nion; near to which place, the tendon, paſſing in the 
ſemi-lunated part of the ſcapula before mentioned as 
ver a pulley, is alſo inſerted a little way beyond the 
point. 

By the action of theſe two muſcles, pulling in oppo- 
ite directions, though both upwardly, at the ſame time 
— — +3 that 


794 


the anterior, by thoſe on the poſterior and inferior Par 
of the ſcapula; I ſay, the effect of the action of theſe tw, 


and wing, with all its apparatus of muſcles, can be eafily 
divided, except at the ſuperior part, from the rauſcle 


only connected by a cellular medium. : 


mal; the pupil large too, and nearly, if not altogether 


between the cornea and iris, which is of a ſilver colour, 


Mr. BROWN'S Deſcription of 
that the lower pinions are kept down by the muſcles q 


muſcles is, to pull the pinions upward, and at a greats In 
diſtance from one another, or in other words to expand tl 
the wing; for the joint does not allow of any motion up- o 
ward, and if it did, it would not in the leaſt influence th n 
ee 2 | ic 
The other muſcles that lie on the external, internal is 

and inferior parts of the ſcapula, together with ſeverl b 
ſmall ones that run backward: theſe, I ſay, alſo ſerve ud 
move the win g backward and forward. This ſcapuh 01 


that form the fore part of the body of the fiſh, being 


The globe of the eye is large in proportion to the ani- 


circular. The cornea is leſs tranſparent than! in the ge- U 
nerality of fiſhes; the fore part of the globe is a good b 
deal flatted, as if a ſegment or portion had been cut off © 
for ſo ſmall a part of the aqueous humour is contained A] 


that they are nearly in contact. 
_ 
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The optic nerve, though at its egreſs from the ſkull 
it is united by a common external membrane with that 
of the other eye, does not ſeem blended with it; this 
nerve, Which 1s very large, pierces the external coat on 
the bottom of the ball, but not in the center; it enters 
on the ſide of the axis next the fiſh's body. The exter- 
nal tunic into which the muſcles are immediately in- 
ſerted, and which gives ſtrength and fi gure to the whole, 
is very firm, tough, and almoſt horny: when the eye 18 
boiled, it ſeems to have a continuation of fibres, andi in- 
dec is of the ſame colour with the ſeptum of the eye 
or iris, the cornea ſeparating readily from it, and having 


cle or globe, applied to the great ſegment or ſide of a 
much ſmaller one. All the bottom of the ball is covered 
with this ſtrong membrane, except in the poſterior part, 
where it becomes abruptly much thinner, more pliant, 
and of a ſhape nearly reſemblin g the ſpace left by the 
union of four circles, or a kind of ſquare with its ſides 
bent inward; 1n the center of this the optic nerve enters, 
| cloſe to the ſide of which an opetiing, like a pin-hole, 
| appears, through which I imagine a ſmall artery paſſes. 
{ The cryſtalline humour, both in the recent and boiled 
| ſubject, 15 entirely ſpherical; in one it had the a ppearance 
* | of bottle glaſs; in the other it was bright as cryſtal. 


5 F 2 When 


then the appearance of the {mall ſegment of a great Cir- 
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When boiled it ſeemed to be attached to the vitreous hu. 
mour, which was not then coagulated, it had an oblong 
blackiſh ſubſtance fixed toit like the fragment of a blood 
_ veſſel, which I could with difficulty ſeparate. 
In the freſh fiſh, the bottom of the eye, except when 
the optic nerve entered like a ſmall elevated white ſpeck, 
was laid over with a downy pearl-coloured Paint; 2 
part of which, upon ſqueezing out the vitreous humour, 
ſometimes floats on its ſurface. Upon removing this, a 
black ſoft painting appeared, which in the botttom of 
the globe, and ſomeway round the entrance of the nerve, 
had a reddiſh caſt, or ſtreaks of red, buried in it: theſe 
were maſſes of fine blood veſſels, which 1 imagine had 
ſprung from the ſmall perforation before mentioned. In 
the boiled eye, theſe paints were not much altered, ex · 
cept- the red part, which, like all coagulated blood, was 
now become duſky. On the back part of the iris, or ra- 
ther the poſterior part of the aqueous humour, it was 
only covered over with the black coloured pigment. 
The muſcles of the eyes were remarkably ſtrong, 
broad, and diſtinct; for in ſmall fiſhes they are in gene- 
ral 10 pappy and tender, that it is very difficult to exa- 
mine them with accuracy. 
Their throat or ſwallow is formed of an oblong, 
rounded protuberance on the backpart of the lauces, | 
4 5 — 
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and a receiving hollowed ſubſtance on the fore part, both 
plentifully armed with ſmall tenter hooks, pointing 
backward. They ſeem to have no remarkable dilatation 
in the canal of the bowels, in the manner of a ſtomach; 
but one tube paſſes directly from the mouth to the anus, 
on the upper or anterior part of which lies the heart: 
on the lower or poſterior the liver and gall-bladder; and 
on the ſides of this laſt are ſituated the rows, Which con- 
ſiſt of two lobes. On each fide, and at ſome little diſ- 
tance from the heart, is a pale aſh-colouced ſubſtance, 


ſomewhat reſembling the lungs of ſmall birds, which 
ſeem to join at the back, and to run united all along the 
hollow depreſſion there as far as the anus. Theſe parts 

were ſo very tender, and ſo little fit for examination with 
the hands or knife, that it was impoſſible for me to diſ- 
cover their uſe, or to trace any communication they i; 
might have with the throat. 

Noſtrils they have, and I could paſs a hog's briſtle 
through them, by the palate, into the mouth. 

In the recent ones the abdomen was near tw o-thirds 
full of air. At the baſis of the ſkull I found two little 
| flat ſnow-coloured bones, irregular and rough, ſuch as 
we find in cod and many other fea fithes. 
| Upon examining the wings after being ſome time ex- 
| poſed to the air, I find the. become ſo dry, and the fine 
N thin 
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thin intervening membrane ſo ri g1d, that it is difficult to 
expand them without violence, at the ſame time that the 
motion of the whole wing backward and forward is no- 
thing impaired; this circumſtance, which only happens 
after the fiſh has been aconſiderable time out of the water, 
may have given riſe to the common tradition amongſt 
ſea-faring people, that it can fly no longer than its 
wings are wet, and that in its flight it Kims along the 
ſurface and dips, ſkims and dips again, with no other 
purpoſe than to moiſten and keep them in a flying trim, 
That in the courſe of one flight, at leaſt once, twice, 
or perhaps thrice, it ſlightly touches the water is certain; 
but the whole is performed i in ſo ſmall a ſpace of time, 
and its continuance in the air is of ſo ſhort duration, that 
even in the dryeſt, warmeſt weather little is to be appre- 
hended from the too great rigidity of the wings. In my 
opinion, though this circumſtance of moiſtening them 
may be of ſome uſe, and a ſecondary advantage, yet they 
ſeem to touch the water for a more important purpoſe, 
for the ſame reaſon that a diver or ſwimmer, when be- 
low the ſurface of another element, is very frequently 
obliged to emerge into his own. It may alſo be of ſome 
uſe in giving the animal new force and vigour for ano- 
ther departure. | 
But as flying is only a ſadden expedient, in order t0 


eſcape the jaws of their enemies, and by no means their 
natural 
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natural or uſual mode of exiſtence, there ſeems not to be 


any particular or remarkable apparatus neceflary for a 


long ſubſiſtence, nothing is wanted but the power of mo- 
tion in our atmoſphere, and the drying of their wings, 
appears to be the only inconvenience they are likely 
to ſuffer. Hence it is, that in every other part of their 
frame and ſtructure, ſmall proviſion 18 made by all- 
bountiful nature for this tranſmigration. 
in flying not only their fins and wings are much ex- 
panded, but alſo their tail; they ſkim alon g the ſurface 
of the deep with great velocity, ſomewhat in the manner 
of a ſwallow, but in ſtraight lines, and from the black- 
neſs of their backs, the whiteneſs of their bellies, and 
forked expanded tails, they have much the ſame ap- 
pearance “). 
They can fy fifty, ſixty, or more yards at one ſtretch, 
and repeat it a ſecond or even a third time, only the 
ſlighteſt momentary touch of the ſurface that can be 
| conceived intervening. 
They are ſeldom ſolitary, but riſe in tbh i or ſhoals f 95 
In taſte they ſome what reſemble a mackerel. 

(5) Since writing the above, I find the ancients were acquainted with this 
b ſpecies; PLINY mentions it under the name of the Hirundo. 

(c We found them in greateſt quantities between the latitude of 155 and 105 


N. from 20® to 30? W. of the meridian of London; but they abound between 


| the Tropics in many other places'of the vaſt Atlantic, as well as in the Indian 
© Ocean, | 


They 
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They are drove out of their own element by the 
ſhark”, the porpoiſe'”, the albicore /, the bineto /, and 
dolphin“, to become a prey in ours to the booby , the 


3 1 X 
man of war'”, and tropic bird“; but I ſuſpect their yi. 
ſion in air is not very diſtinct, as they often in their 
flight fall a ſhip-board, or ſtrike againſt whatever hap- 
pens to be in their way, as was the caſe with all theſe] 
examined: and indeed the form of the cryſtalline hu- 
mour of the eye ſeems to countenance this opinion, be- 9 

ing of the ſame ſpherical figure with that of the greateſt 
part of thoſe fiſhes that altogether inhabit the watery o 
element. ” ſi 
: " 


(a) Squalus Conductor. 
(e) Delphinus Phocæna. 
Y Scomber Thynnds. 
(2) Scomber Pelamis. 
) Delphinus Coryphæna. 
ti) Pelicanus Piſcator. 

(4) Pelicanus Aquilus, or Man of ln 
(I) Phaeton æthereus. 5 
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XXXVI. Reaſons for diſſenting from the Report of the 
Committee appointed to conſider of Mr. Wilſon's Expe- 

 riments; including Remarks on ſome Experiments er- 
bibited by Mr. Nairne. By Dr. Muſgrave, FRS 


Read June 25, 


4 Do not find thatDr.FRANKLINin any of the 
177 


paſſages where he ſpeaks of the efficacy 
of wp ated conductors to prevent electrical explo- 
ſions, has expreſſed any doubt of their being univerſ. ally 
preferable for this purpoſe to thoſe which have a blunt 
or ſpherical termination. The ſame obſervation may be ; 
made of the other gentlemen who are the advocates for 
his doctrine. It may therefore be aſſumed, that both he 
and they mean to aſſert an univerſal propoſition, © That 
« ſharp points will, in all caſes, draw off the electrical 
| © fluid filently within the diftance at which rounded 
* "wp will explode; or, at leaſt, that the former ſort will 
in no caſe receive an exploſion at a greater diſtance 
than the latter.” 1 think it neceſſary to obſerve, that, 
| though I diffent from this doctrine, I do not mean to. 
aſert the contrary univerſal propoſition, but only to deny 
| the univerſality of that aſſerted by Dr. FRANKLIN, which 
Vol. LXVIIL —— [ appre- 
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I apprehend to be ſometimes true, and ſometimes ah 
falſe. 
But before I attempt to ſpecify the particular caſes in 
which the ſharp and the blunt terminations are reſpec. 
tively more liable to electrical exploſions, it may be of uf 
toſhew (what many gentlemen ſeem not to be thoroughly 
aware of) that ſharp points having the moſt perfe 
communication with the earth, are not wholly exert 
from receiving them. My firſt authority ſhall be Dr, 
FRANKLIN himſelf. © Let a perſon,” ſays he, p. 60. 
« ftanding on the floor, preſent the point of a needle it 
twelve or more inches from it [the prime conductor], 
» and while the needle is ſo preſented, the conductor 
cannot be charged, the point drawing off the fire a 
« faſt as it is thrown on by the electrical globe. Let i 
a be charged, and then preſent the point at the ſame di. 
* tance, and it will ſuddenly be diſcharged.” The worl 
ſuddenly means, 1 ſuppoſe, that it will receive an explo- 


ſion; that being the moſt natural and obvious proof of 
the ſuddenneſs of the diſcharge. The ſame thing 15 more 
directly aſſerted by Mr. HENLY, in vol. Lx1v. of the Phil 
Tranſ. p. 138. where he informs us, that in diſcharging 
three of his large jars, to the coating of which he had 
connected a wire nicely tapered to a point, the fire flew 


to the point, and the jars were diſcharged with a full and 
loud 


from the Report of the Committee, 8c. 803 
loud exploſion. A third, and equally deciſive, proof is 
furniſhed by Mr. Na1rNnz's own experiments, though 
ſeemingly made with a contrary view. For when the 
double or interrupted conductor was uſed, and the ſecond 
conductor fixed down by ſcrews at about three inches 
diſtance from the firſt, the point preſented to the con- 
trary end of the ſecond conductor was found to receive 
a ſtrong and loud exploſion, with a white 1; ght at the diſ- 
tance of at leaſt three inches. 

If we compare this experiment with another, very 
common one, exhibited at the ſame time by Mr. NAIANx, 
the compariſon will, perhaps, lead us to the diſcovery of 
a principle upon which electrical exploſions very fre- 
quently depend. Though the point, in the circumſtances 
above deſcribed, received ſo ſtrong an exploſion, yet 
when it was preſented directly to the prime conductor, it 
received no exploſion whatever at any diſtance, unleſs a 
ſucceſſion of weak ſparks, at the diſtance of about a 
quarter of an inch, can be called ſo. To what mult this 
difference be attributed! Plainly to the different quantity 
of electric fluid accumulated on the prime conductor in 
the one and the other caſe. Where the point is preſented : 
to the prime conductor, from the time the machine be- 
gins to work, the property which is attributed to them, 
and which, i in ſome caſes, they really poſſeſs, of ſtealin g 
5862 away 


— — — * 
. 


when a double or interrupted conductor is uſed, the ſe. 
cond conductor receives no electricity till the prime col. 
ductor is pretty highly charged, and, if put at the greateſ 
ſtriking diſtance, not till it is fully charged, and conſe- 


5 carry away none of it till that time; when the whole quan- 
tity is thrown off at once. It ſhould ſeem then, that the e.: 
ploſion i in one caſe, and the non-exploſion i in theother, de. 
pended wholly upon the different quantities to be thrown 
off: whence it will follow, that though a ſmall quantity 
of electricity will paſs off ſilently upon a point, yet tha 
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away the electricity ſilently; this property, I ſay, ope. 
rating from the very beginning, prevents the electric 
fluid from being accumulated in the prime conductor 
and of courſe the quantity of it will always be ſmall. Bu 


quently the ſharp point preſented to the oppoſite end can 


this power is very limited; for that if a ſomewhat greater 


quantity be applied ſuddenly to a ſharp point, it will nail | 
paſs off ſilently, but create an exploſion i in proportion will 
Its denſity. : On - + | 


The facts above rel ated are a ſufficient anſwer to that 


other experiment of Mr. NA1RNE's, in which he exhi-M | 
bited a ſharp point, that when perfectly communicating | 
with the earth drew off the electricity filently from tie 
prime conductor; but received exploſions freely, wha : 
the communication was broken by interpoſing litt 
iſthmuſes of ſealing wax. This experiment, it is true, 
demon 
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gemonſtrates that a broken communication will occaſion 
the ſharp point to receive an exploſion; and fo far it muſt 
be owned to be concluſive. But if it was intended to ſug- 
geſt, that whenever ſharp points do receive an exploſion, 
it is owing to this circumſtance, and, conſequently, that 
Mr. WILSON'S experiments at the Pantheon were unfairly 
made; in this view it has no weight, becauſe we have 
already ſeen that an interrupted communication is not 
the only circumſtance that will produce an exploſion, for 
that increaſing the quantity of electri icity will have the 
ſame effect. 
I cannot omit the opportunity here offered me, of re- 
| marking the unfairneſs of the infinuations that have 
been thrown out to the prejudice of Mr. WILSON. Had 
there been any juggle in making his experiments, it 
would certainly have been detected by the committee 
appointed to examine them. And i in caſe of ſach : a de- 
tection, it was the duty of the committee to lay open the 
impoſture both to the Society and the Public. Inſtead of 
which, inſtead of diſputing or even doubting the fair- 
neſs of them, they have in a manner admitted it, by only 
ſaying in their report, t that they appear to be inconclu- 
| tive. This, I ſay, is admitting the facts to be fairly 
ſtated: unleſs we could ſuppoſe their regard for Mr. wiL- 
sox, and tenderneſs for his reputation, had induced 


4 them, 
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them, after detecting the fallacy of his experiments, to 
paſs it over in ſilence; of which improper partiality I d0 


not know that they are ſo much as ſuſpected. What 


therefore the committee, after a ſtrict ſcrutiny of the 


matter, did not think themſelves warranted to ſay, I take 


for granted they would not inſinuate; and that therefore 
ſuch inſinuations can only ariſe from the levity of more 


obſcure perſons, puzzled perhaps by the ſeeming CON- 


tradiction between Mr. WILSON 8 experiments and thoſe 
of Mr. NAIRNE, and too impatient to inveſtigate the real 


cauſes of that difference. 


I am perſuaded, however, that the known property of 


: ſharp points to carry off electricity ſilently, when the 
quantity is fi mall, together with that other Principle, 
which I apprehend I have here eſtabliſhed, that they 


ceaſe to do ſo when the quantity is large; that theſe two 


(taken together) will clear up the whole difficulty, and 
account tor Mr. NAIRNE'S experiments, without any im- 
peachment to thoſe of Mr. wiLsoN, I have already had 
occaſion, in the courſe of this argument, to conſider two 
of thoſe experiments, of which therefore I ſhall ſay no 
more; but proceed, without further digreſſion, to exa- 
mine thoſe that remain. 


The firſt I ſhall mention is that, in which the prime 
conductor, being previouſly charged with electricity, a 
ſharp 
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ſharp point is preſented to it within the attracting, and 
without the exploding diſtance, and then brought ſlowly 
on towards it. In this caſe no exploſion follows; neither 
is there any reaſon to expect it ſhould, becauſe the quan- 

tity of electricity 1 is gradually diminithed by the approach 
of the point, ſo that when it comes within the ſtriking 
diſtance there is not enough left to make an exploſion. 

It is equally eaſy to explain what happens when a 
tranſverſe arm is hung ſo as to oſcillate freely upon the 


prime conductor, and two equal cylinders of tin-foil are 
ſuſpended, one at each end of this arm in perfect equi- 
librio with each other. The apparatus being in this ſtate, 
if the machine be worked, the two cylinders will remain 

ſtationary, neitherofthem aſcending or deſcendin g. They 
will alſo remain ſtationary, if a point be preſented to one, 

and a rounded end to the other. In the firſt caſe they are 

electrified, but remain motionleſs, becauſe there i is NO con- 
ducting body within the ſphere of their action. In the 

ſecond, the reſult is the ſame; becauſe, making in fact 

part of the prime conductor, the point preſented to one 
of them prevents any accumulation of electricity. When 
the point is withdrawn, and the rounded end ſuffered to 
remain, an accumulation takes place, becauſe there is 
nothing now to ſteal it away; and the conſequence 18, 
that the cylinder deſcends towards the rounded end, and 
explodes 
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minated at each end with a ball, and the middle of it 
reſting in equilibrio upon a pivot, on which it has a free 


end will approach ſo near the prime conductor, as that 
5 the ſtream of electricity will flow freely into it, as faſt as 


there will be no exploſion; and the reaſon is obvious 
becauſe the ſecond conductor, when it approaches fo 


the electric ſtream, becomes virtually a part of the firſt. 
Hence the point operates upon both together, juſt as it 
leaving not enough to give an exploſion. When inſtead 


fluid, conveys away none of it; ſo that accumulating 0 


free oſcillation, flies up with the ſtroke, and carries the 


\\ 


explodes as ſoon as that accumulation arrives at a certain 
period, 
Thirdly, when an intermediate conductor is uſed, ter. 


Oſcillation upwards and downwards; : if in this tate 1 
point is placed un der the end moſt diſtant from the prime 
conductor, the machine being then worked, the other 


it is produced by the action of the wheel. In this caſe 


near the firſt as to form an uninterrupted channel for 


does wh en preſented directly to the prime conductor, 
that is, it ſteals away the electricity by little and little 


of the point a poliſhed ball is placed under the ſame end 
as before, this bein 8 leſs diſpoſed to receive the electric 


a certain degree upon the prime conductor, it explode 
upon the contiguous end of the ſecond, which, having? 


oppoſit 
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oppoſite end towards the ball, where, being ſaturated, it 
gives a ſnap; the recoil of which ſnap throws that end 
up, and the contrary end back towards the conductor, and 
ſo on alternately, as long as the machine continues 
working. 

The event, however, is widely different when che ſe- 
| cond conductor, inſtead of having a free oſcillation, is 
ſcrewed down in one place, and at ſuch a diſtance from 
the prime conductor, as not to receive the electric fluid 
till conſiderably accumulated. For then the ſharp point, 
previouſly oppoſed to its other end, diſcharges it, as was 
before obſerved, not in a continued ſtream and filently, 
but at intervals, and with a ſtrong exploſion. 

The laſt of Mr. NAIRNE'S experiments, and the only 
one yet unconfidered, is that of the ſharp point, which, 
being fixed to a kind of inverted pendulum, oſcillated 
with great velocity under the prime conductor, without 
receiving any exploſion. Now from this experiment 1 
do not comprehend how any general concluſion can poſ- 
fibly be drawn. It has been already ſhewn, from the ac- - 
knowledgement of Dr. FRANKLIN, and the experiments 
ef Mr. HENLY and Mr. NAIRNE, that electricity, accumu- 
lated to a certain degree, will explode upon a point. If, 
therefore, in any particular inſtance it does not explode, 
what can we infer from it, but that the accumulation in 
Vo. LXVIII. r every 


- the whole amount of his experiments; the only one of 
being attended with a different event from the reſt, and 


15 producing, as m1 ight wan, be — 'A ſtrong 
exploſion. 


haue already ſeen, that there are two properties inſepara- 
ble from them, both of which muſt be taken into the ac- 


them to buildings, particularly powder magazines, E 
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every ſuch inſtance was not ſufficiently great; which 


ro 

may happen either from the ſmallneſs of the apparatus, I a: 
or from want of care in making the experiment. 

And now if we look back upon Mr. NAIRNE's experi- 

ments (which, by the by, have not all of them the merit ¶ cx 


of novelty) we ſhall find them to be nothing more than Wl dt 
different exemplifications of this well-known principle, ff 
that ſharp points giving leſs reſiſtance to the ingreſs of gl 


the electric fluid will draw it off at a greater diſtance th 


than blunt or f oh erical terminations, and where the pt 
quantity 18 ſmall will draw it off ſilently. This, I ſay, is 


them in which the electric fluid had time to accumulate, 


It is not, however, this ſin Fs property of ſharp 
pointed conductors, which muſt decide the queſtion. We 


count, before we can determine the propriety of affixing 


preſervatives from lightning: firſt, their greater propen- 
ſity to admit the electric fluid, in conſequence of which 
they act * electrified bodies at a greater diſtance than 

rounded 


enn wn a m=- 
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rounded ends will; and, ſecondly, their incapacity to 
draw away more than a certain quantity of electricity 
without an exploſion. Cs 

The firſt quality enables them, when electricity is ac- 
cumulated gradually, or when they are brought gra- 
dually towards the electrified body, to ſteal away the 
fluid by little and little, till there is not enough left to 
give an exploſion. And hence, in common experiments, 
the point, placed at a greater diſtance than the ball, will 
prevent the electricity from exploding, as it otherwiſe 
would do, upon the latter. But if we combine this qua- 
lity with the ſecond, the ſuperior propenſity to admit, 
with the incapacity in certain circumſtan ces of diſcharg- 
ing filently, it will be evident, @ priori, that the pheno- 
mena muſt in ſach caſes be reverſed, Juſt as they appear 
to be in Mr. WILSON'S experiments; that the point muſt 
ſtrike at a greater diſtance, and the rounded end at a 
lefler. 

What puts this matter beyond a doubt is, that when 
the double or interrupted conductor is uſed, the experi- 
ment may be ſo managed, as that the ball ſhall receive 
at exploſion at a greater diſtance than the point, or the 
point at a greater diſtance than the ball, at the pleaſure 
of the operator. If care be taken, at the beginning of 
[the experiment, to ſet the ſecond conductor at the greateſt 
cH2 diſtance 


812 Dr. MUSGRAVE'S Rea/ons for diſſenting 
diſtance from the firſt, compatible with its giving a ful 
and ſmart exploſion, the point in that cafe will receiye 
the exploſion at a much greater diſtance than the ball, | 
was myſelf once preſent at an experiment, when the dif. 
| ference was as 6 to 1, that is, the ball would receive ng 
exploſion at a greater diſtance than {ths of an inch, when 
thepoint receiveditat fix times that diſtance. On the con- 
trary, if the ſecond conductor be put conſiderably within 
the diſtance above deſcribed, the ball will receive an ex. 
ploſion much farther off than the paint. Upon repeat- 
ing both theſe experiments lately with a ſmall machine, 
1 found the reſult to be as follows. When the diſtance 
between the firſt and ſecond conductor was 15th of an 
inch, the point was truck at 2th of an inch; but a ball 
of r5ths of an inch i in diameter would not take the ſtroke 
at more than one inch. But when the diſtance between 
the conductors was only zths of an inch, the point could 
not be ſtruck at more than Jjths, whereas a ball of the 
ſame diameter as before was ſtruck at 7 inches and 2, and 
a lefler ball ths of an inch in diameter at 6 inches and: 
Zths. 1 hon been told alſo, but have not yet had time 
to verify it, that a medium diſtance may be found, at 
which if the ſecond conductor be ſet, the point and bal 
preſented to the other end will be exactly pon. pa 

with vaſt to the exploding diſtance, 


"Theſe 
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Theſe phenomena, to perſons who have not carefully 
conſidered them, muſt appear fo extraordinary, that un- 
leſs the cauſe of the diverſity is explained, they will per- 
haps be led to fuſpect ſome unfairneſs in making the ex- 
periment. Fhe truth, however, is this; that when the 
two conductors are ſet at the greater of the two diſtances, 
the abſolute quantity of electricity collected before the 
exploſion is exactly the ſame in each experiment; and 
therefore the diſtances of the ball and point from the 
ſecond conductor being equal, and the greateſt at which 

either of them will be ſtruck, the exploſion will go to 
the point, : as being more ſuſceptible, and giving leſs re- 
| fiſtance than the ball. But in the ſecond ſuppoſed caſey 
| when the ſecond conductor is ſet conſiderably within the. 
former diſtance, the quantity of electricity which ex- 
plodes upon the point and the ball is not the ſame; the · 
point in this caſe exerting its known property of ſtealing· 
away the electricity ſilently, which the ball from its: 
| greater reſiſtance is incapable of doing. The conſe- 
quence is, that the quantity accumulated to give an ex- 
ploſion upon the ball is greater than that which ex- 
plodes upon the point, and being greater will very natu- 
rally explode to a greater diſtance. 


ground; but another Proof, equally deciſive, having ſince: 
1 cCccurred, 


I might ſafely have reſted the matter upon mis mo 
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occurred, it is but doing juſtice to my argument to inſen il on 

it here. In the experiments made with a view to ſettle 
this diſpute, and publiſhed by Mr. HENLY about four 
years ago, there is one, the fifth of that ſet, which it is 
difficult to reconcile with the doctrine here laid down, 


that electricity ftrongly accumulated, and moving with N w 
great velocity, will explode upon a ſharp point rather Wl 0 
than a ball. | 
He deſcribes it thus: 0 Having inſulated the jar, and 10 
L,. connected by chains with the external coating, on one W 
hs fide a knob, and on the other ſide a ſharp-pointed wire, te 
4 both being inſulated and ſtanding five inches from In 
« each other, I placed a large copper ball, eight inches 
*in diameter (inſulated alſo) ſo as to ſtand exactly at 
© half an inch diſtance both from the knob and the 
« point. The j jar being fully charged, I delivered it upon 
ce the copper ball by my diſcharging rod, whence it 
« leaped to the knob, which was three quarters of an 
inch in diameter, and the j jar was diſcharged by a loud 


“ and full exploſion, and the chain was very luminous. 
Phil. Tranſ. vol. Lxlv. ui 
It muſt be obvious to any careful electrician, and Mr. 
WILSON had in his anſwer obſerved, that an experiment 
thus looſely and unphiloſophically made, was not greatly 
to be relied upon; becauſe two chains being made uſe of, 
* one 


1 
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one to connect the ball, and another to connect the ſharp 


point with the coating of the phial, a different number 

of links, or different degree of tightneſs in the two 
chains, would produce a difference in the reſult: for it 
ting a known property of electricity to paſs moſt readily /e 
where it has the feweſt and the ſmalleſt intervals to leap 
over, the exploſion would naturally paſs that way, where 
the liaks were drawn tighteſt; or if both chains were left 
looſe, as from the pl ate they appear to have been, then 
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where they were feweſt in number, inſtead of being de- 
termined by the circumſtances of bluntneſs and ſharp- 
neſs, : 
It was however poffible, that Mr. HENLY might be 
right in attributing : it to the ſharpneſs of the point; and 
therefore, in order to ſettle this doubt, I deſired that the 
experiment might be tried over again in ſomewhat dif- 
ferent circumſtances. Mr. CAVALLO accordin gly tried it 
in the following manner. Upon an inſulated ſtand he 
placed a ball, about Sths of an inch in diameter, and a 
ſharp point, directly capitis to the place where a Ley-_ 
den phial, when charged, was to be ſet down.. Both of 
theſe, the ball and point, were connected to his diſcharg- 
| ng rod by copper wire. He then took the phial, which. 
| held about a quart, and having charged it, ſet it down. 
| before the ball and * took his diſcharging rod, and 
completed 
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completed the circuit. After the exploſion the diſtancy, 


Þ 
were meaſured, In the experiments which I ſaw the Ml © 
phenomena were as follows: in the firſt, the — ok 
the ball was 33 of an inch, * of the point 2+ 263 in 
the ſecond, FA of the ball 25, of the _ 2::in ll © 
the third, diſtance of the ball 255 of the Point 28 53 in the Ml © 

b 


fourth, diſtance of the ball 26, of the point 23. In all 
1 theſe experiments the point, Seller conſiderably farther 
| off from the coating of the phial, was ſtruck in pre. 
[ 1. ference to the ball. In a fifth experiment, when the 
point ſtood at double the diſtance, the ball was truck, 
ma not the point. 
| The reſult of theſe experiments bein g ſo widely dif 
ferent from the reſult of that made by Mr. HENLY, is 2 
clear proof that he formed his concluſions too haſtily 
having attributed to ſharpneſs and bluntneſs a pheno- 
menon cauſed by the unequal reſiſtances of the chains, 
OE As this experiment may be made with almoſt any ma- 
chine, thoſe who do not chuſe to repeat it will have no 
Tight to plead the want of a ſufficient apparatus, and 
muſt look out for ſome other reaſon to evade the force 
of it, 
I come now to conſider more paueulany the practici 
queſtion, whether the ſharp- pointed or the blunt con- 
ductors are moſt proper to be affixed to buildings, 3 
_ preſervatives 
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preſervatives from lightning. And here it is neceſſary to 
obſerve, that buildings may be expoſed to a ſtroke of 
lightning in ſeveral different ways. The lightning 
which, to avoid prolixity, I ſhall only ſpeak of as poſitive 
electricity: the lightning, I ſay, may accumulate directly 
over the building; or it may be brought towards the 
building by a ſmall cloud fetching it in ſeveral ſucceſſive 
trips from a large cloud at ſome diſtance; or a large elec- 
trified cloud may be carried rapidly towards it by the 


wind: a circumſtance this by no means rare, there being 
no leſs than four inſtances of it upon record in the Phil. 
Tranſ. vol. XLIX. p. 16. and p. 309. vol. LXI. P. 72. 
and vol. LxIv. p. 351. In the firſt of theſe ſuppoſed 
caſes: a ſharp-pointed conductor might poſlibly drain the 
Cloud of its lightning as faſt as it began to accumulate, 
| and thereby prevent any exploſion whatever. In the 
ſecond, as the cloud, by ſuppoſition, not being driven in 
one direction by the wind, could not move with any re- 
markable velocity, it is reaſonable to imagine, that in 
this caſe alſo there might be no exploſion; and that the 
electricity of the larger cloud might be gradually ex- 
hauſted. But if, according to the third ſuppoſition, a 


driven with great velocity in ſuch a direction, ſo as to 
pals directly over the ſharp-pointed conductor, there can 
Vo L. LXVIII. OF oe 


cloud of great extent and highly electrified ſhould be 
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be no doubt but that ſuch a point, from its ſuperior res. 


dineſs to admit electricity, would take the exploſion at: by 
much greater diſtance than a rounded end, and in pro- ot 
Portion to the difference of that ſtriking diſtance wou co 
do miſchief. inſtead of good. th 
But perhaps it will be ſaid, that every ſtroke of light. fi 
ning falling upon a ſharp point is previouſly diminiſhed K 
by that point, and therefore may more eaſily be tranſ. IM ot 


_ mitted through the conductor, than when it falls undi- a 
miniſhed upon a rounded end. Upon this ſuppoſition] c 
mult obſerve, that it not only contradicts Mr. WILSON" . 
experiments at the Pantheon, but a alſo Mr. HENLY'S expe- 
ment already referred to in this paper, where the fire 
flew to a very taper point, and melted the end with 1 
f ſtrong and loud exploſion. So alſo the ſharp-pointed 
5 conductors affixed in America to the houſes of Mr. WEsT, 
Mr. RAVEN, and Mr. MAYNE, do not ſeem to have dimi- 
niſhed the force of the exploſion, if we may judge from 
the violence of its effects as related at large in Dr 
: FRANKLIN 's works. It ſhould ſeem, therefore, that the 
power of diminiſhing a ſtroke, like that of preventing 
it, is only contingent, and depends, as we faid before, 
-upon the degree of velocity with which the lightning 
moves. 
The 
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The ſum of the whole is, that conductors, terminated 
by ſharp points, are ſometimes advantageous, and at 
Now as the purpoſe for which 


other times prejudicial. 
conductors are fixed upon buildings is, not to protect 


them from one particular ſort of clouds only, but, if poſ- 
ible, from all, it cannot ſurely be adviſeable to uſe that 
kind of conductors, which if they diminiſh danger on 
one hand, will increaſe it on the other. It is the duty of yy 
a pilot to Keep out of the way of rocks; but it 1s alſo i in- 
cumbent upon him, in avoiding the rock, not to take ſo 


large a compaſs as to run his ſhip upon a quickſand. 


When I ſay that ſharp-pointed conductors may in 
ſome caſes diminiſh danger, 1 ſpeak of them, perhaps, 
| rather too favourably: for their power of ſtealing aw ay 
the electric fluid being confined to caſes where the accu- 
mulation i is f. mall, it follows, that they only operate where 


their operation is not wanted. The caſes againſt which 
we wiſh principally to provide, are the exploſions of ex- 
tenfive and highly electrified clouds; and here we have 
ſeen, that blunted ends, as acting to a much ſmaller diſ- 
tance, are entitled to the preference. EY 

If it be admitted, that ſharp-pointed conductors are 


attended with any, the {lighteſt degree of danger, how | 
| much muſt that danger be augmented by carrying them 
$342 high 
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high up into the air, by fixing them upon every angle of 
a building, and making them project in every direction 
Ought this to be adviſed while there is ſtill a doubt of 
the poſſibility of their doing miſchief? And can the I y 
committee, therefore, be perfectly juſtified for giving m 
ſuch a decided preference to the uſe of ſharp conductors, ¶ th 
in defiance of numerous experiments, not one of Which 
they have attempted to controvert? 

I have now done with the report of the committee, 
and ſhall next proceed to enquire whether, as ſome gen- 
tlemen apprehend, the termination of conductors is a 
matter of indifference: but this I muſt reſerve for the 
ſubject of a future paper. 


7 T7, 


1 think it neceflary to apprize the reader, th at the 
foregoin g remarks were drawn up before Mr. NAI RNE'S 
paper appeared, and are therefore to be conſidered as re- 
lating wy to his experiments. 


6 1 
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1 muſt at the ſame time obſerve, that, in ſtating the 
x#rent circumſtances in which lightning may be col- 
lected ſo as to affect a building, I have ſuppoſed a caſe 
which poſſibly may never exiſt. I have ſaid, that lightning 
may accumulate directly over a building, and admitted, 
| that in that caſe the cloud might be drained of it by a 
pointed conductor. Now we have no evidence, that the 
accumulation of lightning 1 is confined to a ſingle cloud, 
or ſmall circumſcribed ſpot 3 in the heavens. On the con- 
trary, the numerous exploſions, which in moſt thunder 
ſtorms happen nearly at one and the ſame inſtant, rather 
lead us to imagine that a great part of the horizon is at 
thoſe times full of lightning, and therefore incapable of 
being drained. 1 would therefore wiſh to have my ſup- 
poſition underſtood as a mere imaginary ſuppoſition, for 
the ſake of rendering the argument more perſpicuous, 
and not as the admiſſion of a real fact. 

_ Laſtly, I beg leave to correct an lion I have uſed 
with reſpect to pointed conductors, that * only ope- 
| rate where their operation is not wanted. Now this is 
not accurately true: for if by operating upon a quantity 
of electricity too ſmall! in itſelf to do miſchief, they pre- 
vent its growing to a great and dangerous quantity, this 
would, as far as it goes, be a very conſiderable advantage. 
7 I I ought 
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I ought therefore to have ſaid. only, that pointed con. 
ductors afford no protection. where the danger is great 
and imminent, and only obviate that which is diſtant and 
problematical; and that theſe laſt are not the caſes again 
which we principally with to provide. 


March 18, 1779. 
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XXXVII. Experiments on Electricity, being an Allempt to 


ſhew the Advantage of elevated pointed Conductors. * 


Mr. Edward Nairne, F. R. S. 


F. B. This paper is miſplaced through a miſtake of the Secretary's; it ſhould 


have been inſerted before Dr. MUSGRAYE's, 


teal June 18 and 25, X DIFFERENCE of opinion pre- 


1779. 2 


late been revived, in regard to the termination of con- 
ductors for the preſervation of buildings from the effects 


of lightning. 


Some gentlemen think that they ſhould net termi- 


nate in a point, but be blunted; and alſo that wy 
ſhould not excced the higheſt part of the buildings” 


they likewiſe think, that to prevent lightning * 5 


doing miſchief to great works, high buildings, and 


large magazines, the ſeveral buildings ſhould remain 
as they are at top, that 18, without having any metal 
above them, | either pointed or not, by way of a con- 
ductor; but that on the inſide of the higheſt part 
of ſuch a building, and within a foot or two of the 
top, it may be proper to fix a rounded bar of me- 


f a) Mr. w ILSON 's new Experiments on the Nature and Uſe of Conduc- 
| rs, p. 7 | ; 


tal, 


vailed ſome time ago and has of 
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tal, and thence continue it down along the ſide of the 
wall to any kind of moiſture in the ground /. 

Others again are of a directly contrary opinion; 
thinking a conductor ſhould: not only terminate in a 
point, but be conſiderably. elevated above the Higheſt 
part of the building”. 

As it moſt certainly would be of great conſequence to 
mankind to know which is the moſt eligible of theſe 
opinions, I have attempted, by what I could learn from 


the artificial lightning of our electrical machines, to de- 
termine which method i 1s beſt to ſecure buildings from the 
effects of lightning: whether I have ſucceeded I leave to 
the judgement of others to decide from the following 
experiments and obſervations, which are ſubmitted with 

| all due deference. | 
In pl. x11. fig. T. is a repreſentation of the elec- 
trical machine and the apparatus uſed in the following 
experiments. The diameter of the glaſs cylinder a, fig 
I. Was eighteen inches; the length of the conductor 3, 
which was of wood covered with tin-foil, was ſix feet, 
and the diameter of it one foot. At the end of this con- 
ductor was ſcrewed a braſs ball c, of four inches anda 
half diameter. This conductor, when charged by the 


(b) Mr. witson's Letter to the Marquis of ROCKINGHAM, Phil. Tran. 
vol. LIV. p. 247. 


(e) Ibid. p. 203. 
glaſs 
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glaſs cylinder, being intended to repreſent a cloud 
charged with electricity or matter of lightning will, for 
diſtinction ſake, be called the artificial cloud, in the fol- 


covered with tin-foil, having a good metallic communica- 
tion with the earth; at one end of this rod were ſcrew ed 


rod terminating with a point. This rod D was moveable 


ceiving rod in the following experiment. The receiving 
to a houſe, on which different terminations might be 
placed. 
an electric cloud, was never known to do any miſchief, 
munication with the moiſt earth; and that when any 
or in other words the electric fire of the charged cloud 


ſuddenly diſcharged through that body. 
Vo L. LXVIII. 5 K EX P E- 


lowing experiments. D repreſents a braſs rod on a ſtand 


other rods, terminating with different ſized balls, or a 


in a ſocket, in order that it might be placed with its ter- 
mination at different diſtances from the ball c at the end 
of the artificial cloud. As the terminations on this rod 5 
were to receive from our artificial cloud the ſtroke or 
{parks of our artificial lightning, it will be called the mw 


rod with its ſtand was intended to repreſent a conductor 
Before I relate the beten it may be proper r firſt 
to premiſe, that electric fire, drawn off gradually from 
if the ſubſtance drawing it off had a good metallic com- 


damage is done, it is occafioned by a ſtroke of lightning, 
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SY m 
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EXPERIMENT. I. 


I ſcrewed a braſs ball, of four inches diameter, at the 
end of the rod D, then placed it nearly in contact with 
the ball c, at the end of the artificial cloud: on charging { 

the artificial cloud, the electric fire ſtruck from the bai Il | 
d to the ball at the end of the rod, and continued ſtriking 
all the while it was gradually removing to the diſtance of 
ſeventeen inches and four tenths, and ſometimes on to 


nineteen inches: I have had ftrokes twenty inches i in ! 
length, but it has been very rare. 


E X PER I 0 E NT II. 


The apparatus remaining as in the laſt experiment, | 
changed the ball of four inches diameter on the rod 5, 
and in its place ſcrewed a ball of one inch diameter, then 
I placed this very near to the ball c as before: on charg- 

ing the artificial cloud, the electric fire now ftruck to the 

ball at the end of the rod D of one inch diameter, and 
continued ſtriking whilſt it was gradually removing tothe 
diſtance of about two inches. It then gave over ſtriking 
and was ſucceeded by a hiſſing noiſe and a continued 
light on the one inch ball, whiltt it was removing ver) 
gradually from the ball c, until the diſtance between the 
two 
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two balls was about ten inches; the hiffing noiſe then 
inch ball all the time it was very gradually removcd, till 
the diſtance was about fourteen inches eig ut tenths; * and 


three tenths. . 
This ſtriking to the ball e and then beginning 


ſome of the follows ing experiments. 


EXPERIMENT Ill 


changed the ball of one inch diameter, and in its place 


ball C: on charging the artificial cloud, the electric fire 
ſtruck to this ball of three tenths, and continued ſtrikin 8 
to it whilſt it was very gradually removed to the diſtance 
of half an inch; beyond that, it would not ſtrike to it. 


deyond the ſtrikin g diſtance as far as thirty-three inches. 
EY Vb X P E= 


ceaſed, and the light diſappear ed on the inch ball. It 
now began to ſtrike. again, and continued ſtriking to the 


ſometimes would e continue to ſtrike to ſixteen inches and 


again, when the artificial cloud is ſtrongly charged, is a 
fact which I believe has not been taken notice of by any 
one before; I ſhall have occaſion to ſpeak of it again in 


The apparatus remaining as in the laſt experiment, 1 


ſcrewed one of three tenths of an inch diameter. This 
ſmall ball was alſo placed nearly in contact with. the 


But the ball Was luminous all the while it was ove 
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EXPERIMENT IV. 


The apparatus remaining as in the laſt experiment, 
I only changed the ball of three tenths, and in its place 


ſcrewed a wire about three inches and a half long, ter. 
minating in a point: on charging the artificial cloud, ] 
could not now get the electric fire to ſtrike the point, 
though the point was almoſt in contact with the ball 2 
but when it was about half a tenth of an inch diſtant 
from it, then the electric fire ran in a very ſmall ſtream N v 
to the point; but beyond that diſtance, though moved d 
very gradually, it Was only luminous, and continued ſo at 
the point all the while it was gradually removing to the 
diſtance of ſix feet from the ball c, at the end of the arti- 
ficial cloud. 


EXPERIMENT v. 


1 apparatus remainin 8 as in the laſt experiment, I [ 
9 85 changed the wire, and in its place ſcrewed the ball of 
four inches diameter, uſed i in the firſt experiment, hav- 
ing now a ſmall hole through it. I then put into this 
hole a wire, leaving the end, which terminated in a fine 
point, projecting out only one tenth of an inch beyond 
the ſurface of the ball, and directly pointing to the ball c: 
1 on 


on charging the artificial cloud, the ball with the point 
being firſt placed nearly in contact with the ball c, it was 
then gradually removed; but not at any diſtance * ould 


point was luminous at the diſtance of thirty inche 8. 


EXPERIMENT vi. 


Every thing remained the ſame as in the laſt experi-- 
ment, except only that I now prefied in the point, till it 
was even with the ſurface of the four inch ball: on 
charging the artificial cloud, the electric fire did now 


contact, all the while it was very gradually removed to 
as far as ſeventeen inches and a quarter, though before- 
in the laſt experiment, where the point projected from: 


any diſtance. 


EXPERIMENT II. 

The apparatus remaining as in the laſt experiment, 1 
took a ball of three inches and a half in diameter, which 
had a ſmall hole through it, and ſcrewed it to a hollow 
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it ſtrike to the ball, or the point projectin g out of i it. 2 þ „ 


1 8 „ 


firike to the ball at any diftance, from being nearly in 


the ball only one tenth of an inch, it would not firike at 


braſs ſtem. Then I put into this hole one end of a wire, : 
and the other end, which was pointed, projected one inch 


beyond. 
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beyond the ſurface of the three inch and half ball. This 
ball and ſtem, with the pointed wire to it, I fixed to a 
ſtand covered with tin- foil; having a good metallic com- 
munication with the earth, I placed this ſtand ſo that the 
point was directly oppoſite tothe ſide of the artificial cloud f. 
and exactly at five feet diſtance from it: then, on charg- W 
ing the artificial cloud, the greateſt ſtriking diſtance from | 
the ball c to the ball of four inches diameter, on the re- 


ceiving rod D, was found to be ſixteen inches and even 
tenths. 


Ev ery ming continued as in the laſt experiment, only 
now I drew the wire out of the ball and ſtem ſo far that 
| the point projected nine inches beyond it: on charging 


the artificial cloud, the oreateſt ſtriking diſtance now was 
found to be but fix inches and eight tenths. 9 
Now, in order to ſee how far a point, or different ſized 
balls fixed on the ſtand, and having a very ſmall ſepara- 
tion in the metallic com munication with the earth, 

would viſibly act to carry off the electric fire of the arti- 
ficial cloud, I made the following experiment. 


TIP 
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EXPERIMENT IX. 


I took a ſtick of common ſealing-wax, and having 
fxed-a ſcrew to each end, I paſted a ſlip of tin-foil the 
whole length of the ſurface, and having made a ſepara- 


removed the other ſtand with the ball, to which the ar- 
tificial cloud likewiſe ſtruck in the ſame experiment; 


moved till I found the diſtance at which the light be- 
viſible. This diſtance of the point on the. wax was above 


nous I had no opportunity of trying, this diſtance bein g 


cloud within thirty-three inches of the edge of the wain- 


the place of the point, the light was viſible at the diſ- 


tion of the foil of about one fiftieth of an inch, 1 ſcrewed 
the pointed wire into one end, and the other end of the 
wax to the braſs rod, where the ball with. the point pro- 
jecting from it was placed in the laſt experiment. Ialſo 


the artificial cloud was then charged, and the ſtand bein E 
placed in ſuch a manner that the point was directly op- 
polite to the fide of the artificial cloud; it was then re- 
tween the ſeparation of the tin-foil no longer became 


ſeven teet, how much farther it might have been lumi- 


the fartheſt I could remove it in my room, and under 
the diſadvantage of having the end of the artificial 


ſcot. When a ball of three tenths of an inch was put in 


tance: 
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minous till it was removed to the diſtance of three feet 
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tance of four feet fix inches, but with a ball of thre 


inches diameter only at two feet. 


EXPERIMENT X. 


I took another ſtick of ſealing wax, one inch and 
three tenths diameter, and about ten inches long, ani 
paſted on it round pieces of tin-foil of half an inch in 
diameter, at about half an inch diſtance from each other, 
One end of this ſtick of wax was ſcrewed to the receiv. 
ing rod p, fig. 2. ; and into the other end was ſcrewel 
the pointed wire uſed in the fourth experiment. 1 then 
laid a piece of braſs on this wax, ſo as to connect all the 
| ſeparations of the round pieces of tin-foil except two; 
then the point of this wire on the wax was placed nearly 
in contact with the ball. On charging the artificial cloul 
the electric fire now ſtruck to the point, and continued 
to ſtrike to it all the while it was gradually removed to 


al 


the diſtance of one inch and one tenth: beyond that 
diſtance it would not ſtrike, but the point continued lu- 


E X P E RIM ENT XI. 


The apparatus remaining as in the laſt experiment, | 
only took away the piece of braſs which laid on the wa 
(0 
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to connect the pieces of tin- foil together. The charged 
rtificial cloud did not now ſtrike to the point until it 
was removed from the ball c to the diſtance of four 
tioued ſtriking whilſt it was gradually removing ſome- 


beyond the greateſt ſtriking diſtance, the point was not 


tificial cloud diſcharged its electric fire out into the air, in 


the pieces of tin-foil. 1 then connected all the tin-foil 


J 
den the wax ſo as to leave no ſeparation, then the charged 
artificial cloud would not ſtrike to the point at any 


diſtance. 


ATE ARITWENT XIL 


in the firſt experiment, this I put on a glaſs pillar to 
inſulate it; then from the rod I made a communication 
o the earth, with about three feet of ſilver wire, which 


OY vor. LXVIII. 3 the 


inches and a half; it then began to ſtrike to it, and con- 
times to ten inches; but when the point was removed 
luminous as in the laſt experiment, except when the ar- 
diverging pencil from the ball c: then it was lumi- 
nous, but at that inſtant only. Every time the artificial 


doud ſtruck. to the point, the electric fire made a beauti- 
ful appearance in paſſing off between the ſeparations of 


I placed the rod D, with the four-inch ball at the end 


Was only 2 part of an inch diameter: on charging 


EY - 
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the artificial cloud, it ſtruck to the ball D, as in the fir} 
experiment, vi. ſeventeen inches four tenths. Now a 
the wire was ſo ſmall which conducted the ftroke, | 
thought I might be ſenſible of its paſſage if I held the 
wire between my fingers; I accordingly preſſed my fin- 
gers together, with the wire between, but there WAS not 
the leaſt ſenſation; nor ſhould I have known it had 
paſſed my fingers if I had not ſeen or heard the ſtroke 
from the artificial cloud to the ball with which the wire 
was connected. I then tried if it was viſible in the dark, 
but there was not the leaſt appearance of light, EXCept 
where there happened to be kenks in the wire. I wa 
| accidentally very ſenſible of one of thoſe ſparks: for 
when I was trying the experiment in the dark, I hap- 
pened to get ſo near as to receive the ſtroke juſt on my 
forehead; it made me reel till 1 fell againſt the wall. 1 
may be proper to obſerve i in this experiment, that if the 
fingers are held at a little diſtance from the wire, that a 
ſmall quantity of electric fire will ſtrike out to them the 
ſame as it does when conducted off by a larger quantity 
| of metal. 
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OBSERVATION I. 


From the three firſt experiments it appears, that our 
artificial cloud ſtrikes at diſtances greater as the termina- 
tion of the conductor is more blunted, or as it terminates 


Am the largeſt ball; and that the ſtriking diſtance is leſs 
ena the end of the conductor tends more to a point; and 


ein the fourth experiment, that when the end of the con- 
5 ductor i 18 pointed, the point is not ſtruck at any diſtance 
1 whatever; - but continues luminous to a certain diſtance, 
" carrying off ſilently the electricity of our artificial cloud. 
" It ſeems from theſe experiments, that pointed con- 
auctors are to be preferred before thoſe terminating with 
a large ball, the pointed one depriving the cloud filently 
of its electric fire; whereas the ball receives the electric 
fre in a ſtrong ſpark. And in the fifth experiment, 
where a point projects but one tenth of an inch from a 
ball of four inches diameter, neither the ball, or · point 
projecting from it, is ſtruck at any diſtance. This ſeems. 
to ſhew the utility of a pointed rod, even if it projects 
but a ſmall diſtance above the higheſt part of a building. 
The ſixth experiment ſhews, that a point within the 
ſurface of a ball does not prevent the ball being ſtruck, 
The ſeventh and cighth experiments likewiſe ſhew, that 
5 L 2 our 
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our artificial cloud ſtrikes to a ball of four inches diame. 


ter, only at the diſtance of fix inches and eight tenths, 


when the point is drawn out nine inches from the three 
inch and a half ball, placed oppoſite to the fide of the 
artificial cloud; and that when the point. projects only 
one inch, that then it ſtrikes to the four inch ball at fix- 
teen inches and four tenths diſtance. 

May one not from theſe two laſt mentioned experi- 
ments conclude, that the more elevated our pointed con- 
ductors are, the greater is the chance of preſerving our 
buildings from the effects of lightning? 


For here our point being elevated or projecting nine 
inches out of the ball, repreſenting the higheſt part of a 


building, Was found continually deprivin g. our artificial 
cloud of its electric fire to ſuch a degree (though it was 
kept charging all the time) that it would not ſtrike half 


the diſtance that it did when the point. was elevated only 
one inch. 


conductor terminating in a point acts at a far greater 


diſtance than one terminating with a ball, in carrying off 


the electric fire, or matter of lightning from our artifi- 
_ cial cloud. It muſt be further remarked, that though 
the point was luminous ſo far, yet there was no diſtance 


whatever at which our artificial cloud would ſtrike to it. 


From 


And from the ninth experiment we learn, that the 
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Fom the tenth and eleventh experiments we learn, 
that the metallic part of our conductor being ſeparated 
or diſcontinued is the reaſon that our artificial cloud does 
ſtrike to the point; and that it ſtrikes further to the point 
23 the number of the ſeparations are increaſed; and that 


— — lia 1 =; * 
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if the metallic communication with the moiſt earth be 
made compleat, that then our charged cloud will not 
ſtrike to the point. ” 
When a conductor to a building, terminating in a 
point, has been ſtruck, I am inclined to think, that there 
had not been a compleat and ſufficient metallic commu- 
nication. with moiſt earth; and from all the accounts I | 
have met with, this ſeems to have been the cauſe of their . l | 
having been ſtruck. From the twelfth experiment we 
learn, that a very fine wire will conduct a ſtrong ſpark. 

Fig. 3. repreſents a moveable artificial cloud: : it con- 

fiſts of a hollow tube of wood, with a ball at each end, 8 
being together about ſix feet in length: from each end 
was ſuſpended a light hollow wooden cylinder EE; theſe 
with the balls and tube were covered with tin-foil: it 

was placed with its axis reſting on two ſemi- circular hol- 

| lows in a piece of braſs fixed on a glaſs pillar, by which 

it was inſulated: it moved very eaſily on its axis, and was 


brought to a horizontal poſition by means of two move 
able pieces FF, 
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EXPERIMENT XIII. 


I firſt put this moveable artificial cloud into an hon. 
zontal poſition, and placed it ſo that the braſs on which 
| the axis reſted was in contact with the end of the artifi- 
cial cloud B. Then, under each of the hollow cylinden 
xx, I placed a ſtand o, having a good metallic com- 
munication with the earth. On one of the ſtands there 
was put a pointed wire, the ſame as was uſed in the 
fourth experiment; and on the other, a braſs ball of 
three inches diameter. F then placed the point and ball 
each twelve inches from the middle of the bottom of its 
correſſ pondent hollow cylinder: on charging the artificial 
cloud (which conſequently charged the moveable artif: 
cial cloud in contact with it) the point was luminous 
and the moveable artificial cloud ſtill remained in an 
horizontal poſition, though there was now a point under 
one end and a ball under the other; and on ceaſing to 
charge the two clouds, it was found directly after, that 


the point had drawn off almoſt all the electric fire 1 from 
both. 
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E X P E RIM E NT XIV. 


The two clouds being charged, I took away the ſtand 
with the three inch ball on it, the point remained lumi- 
nous, and the moveable artificial cloud ſtill continued 
horizontal, not being attracted to the point, thou gh there 
Was NOW only the ſtand with the pointed wire under one 


in the laſt experiment. 


EXPERIMENT XV. 


the ſtand with the pointed wire on it: the conſequence 
Was, that the end of the moveable artificial cloud was 
now attracted down to the ball till it came to its ſtriking 


ſtrong ſpark (ſee fig. 4. ). The moveable artificial cloud 


diſtance, when it again diſcharged its electricity at once, 


and ſo continued ſtriking and then receding to a little 


düſtance as long as the two clouds were charged. 


6 | EXPE- 


end of it, the point having carried of the electric fire as 


The two clouds being again charged, I replaced the 
ſtand with the ball on it; and now, inſtead of takin, g away 
this ſtand, as I did i in the laſt experiment, I took away 


diſtance, where it then diſcharged its electricity on it in a ; 


then receded a little tall it was charged, it then was at- 
trated by the ball as before, till it came to its ſtriking 
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EXPERIMEN T XVI. 


The moveable artificial cloud continuing to ſtrike tg 
the ball as in the laſt experiment, I now replaced the 
ſand with the pointed wire on it, then immediately the 
point became luminous, and the moveable artificial cloud 
ceaſed ſtriking to the ball, and ſoon returned to its hor. 
zontal —— as at firſt (ſee ig. 3+): 


E XP E RI NM ENT XVII. 


The apparatus remainin g a8 in the laſt experiment, 
and the two clouds continuing to be charged, I took 
away the ſtand with the point; then the moveable arti- 
ficial cloud was attracted down to the ball, and ſtruck as 
before. I then placed the ſtand with the point cloſe to 
the ſtand with the ball; on which the point became in- 
ſtantly luminous, and immediately the moveable artifi- 
cial cloud gave over ſtriking, ſoon returning from the 
ball and ſettling nearly in an horizontal poſition. There 
the point carried off the electric fire as in the thirteenth 
and fourteenth experiments. 


OBSERVATION. 
From the thirteenth experiment, with the point under 
-one end of the moveable artificial cloud, and a three 
4 inch 
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znch ball under the other end, it ſeems as if neither the 
ball or point attracted either end; or that they both 
equally attracted, or repelled each end, as in either caſe 
te moveable artificial cloud would remain horizontal. 
And in the fourteenth experiment, in order to try 
whether the point would attract or repel the moveable 
artificial cloud, the ball was taken away, and only the 
point was left under one end, as now all the action of the 
point either to attract or repel would be exerted on that 


end which was now over the point, and conſequently 
that end ſhould either be attracted down to it, or repelled 
from it: but from the experiment it appears, that the 
point drew off all the electricity ſilently, without either 
attracting or repelling the end of the moveable artificial 
cloud which was over it, as it continued horizontal all --- 
the time it was charged. 

The fifteenth experiment was made to ſee if the ball 
would either attract or repel the moveable artificial 
| cloud, as in this experiment the ball only was under one 
end, and every thing elſe exactly the ſame as when the 
point only was under. But here we find the effect of 
the ball very different from that of the point; | for inſtead 
of drawing off the electricity ſilently, as the point did, 
without attracting the end of the moveable artificial 
cloud; on the contrary, the moveable artificial cloud was 
Vol. LXVIN. _ 5 M attracted 


8 from the artificial one. 


842 Mr. NAIRNE's Experiments ts ſbetꝛu the 
attracted down towards the ball, till it came within in 
ſtriking diſtance, where it diſcharged its electric fire al 
at once on the ball with a loud and ſtrong park. 
And again, in the fixteenth experiment, where the 
ſtand with the point is replaced at the other end, whilt 
the cloud is attracted down to the ball, it inſtantly Pre- 
vents its ſtriking to the ball by carr ying off the; elcCtric 
fire as faſt as the moveable artificial cloud receives it 


And from the ſev enteenth experiment we learn, that 
* chen the ſtand with the point 18 placed cloſe to the ſtand 
with the bal * whilſt the mov eable artificial cloud is 
ſtrikin g to it, the cloud exen in this caſe inſtantly ceaſes 
to ſtrike to the ball, returning from it and ſoon. ſettling 
nearly in an horizontal poſition. | 


EXPERIMENT XVIII. 


| took off the cylinders BE from the ends of hs move- 
able artificial cloud (the height of my room Not allowing 

them to be ſuſpended in the following experiments); | 
then placed it, together with the glaſs pillar whereby it 
was inſulated, upon another foot of ſuch a height that 
when the ball at one of the ends was three inches above 
the ball c at the end of- the artificial cloud, then the 
moveable 
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moveable artificial cloud was horizontal. I then placed 
the ſtand with the point on it at the diſtance of eighteen 


aches, and directly under the ball at the other end (ſee 
fig. 5.): on charging the artificial cloud, the point was 


luminous; and that end of the moveable artificial cloud 
which was three inches above the ball c was attracted 


down to it, then receded from it about one inch, and 
then the artificial cloud kept conſtantly ſtriking to it, as 


long as it continued to be charged. On ceating to charge 


the artificial cloud, it was fo! and immediately after, that 


the point had carr ied off almoſt all the electric fire. 


OO EXPERIMENT xix. 


Ev ery thing remaining as in the laſt: experiment, and 
the artificial cloud being charged, 1 took away the ſtand 
with the point, and placed in its ſtead the ſtand with the 


three inch ball on it, exactly at the ſame diſtance as 
the point: then inſtantly that end of the moveable arti- 


ficial cloud, which had continued to be attracted down 


near to the artificial cloud, was repelled from it, and at 


the ſame time the other end was attracted by the three 


iach ball till it came ſo near as to diſcharge its electricity 


on it in a ſtrong ſparx. The end of the moveable arti- 
icial cloud then receded from the three inch ball, 
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the other end being now attracted by the artificial cloud, 
which charged it almoſt inſtantly again; it then receded 
with rapidity from it, and diſcharged its electric fire on 
the ball as before, and thus continued in great motion 
receiving ſtrong {parks from the artificial cloud, and dif- 
charging them on the ball, repreſenting in miniature a 
ſtorm of lightning where an electrical cloud ſtrikes into 
another cloud, and that diſcharges itſelf on a building 


that is without a regul ar conductor, or one terminating 
with a ball (dee fig. 6.). 


EXPERIMENT XX. 


While this ſtorm of lightning i in miniature continued, 
1 removed the ſtand with the three inch ball, and placed 
in its ſtead the ſtand terminating with the point; the 
point was immediately luminous, and 1 in an inſtant the 
artificial ſtorm ceaſed. 
The end of the moveable artificial cloud, next the 


5 charged artificial one, was now attracted to it, as in | the 
: eighteenth experiment. 


EXPERIMEN T XXL. 


The apparatus remaining as in the laſt experiment, 
unſcrewed the pointed wire from the ſtand, and ſcrewed 
4 it 


‚, ́́ kw „ 
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+into one end of a ſtick of wax of fix inches in length, 


with eleven pieces of tin-foil ſtuck on it at one fortieth 
part of an inch aſunder; then I ſcrewed this wax with 


the point on the ſtand, and placed it ſo that the point 
was directly under the end of the moveable artificial 
cloud, and at eighteen inches diſtance as before: on 
charging the artificial cloud, the moveable artificial 


coud Was firſt attracted, then repelled, and ſo alternately 


s when the ſtand with the three inch ball was under; 


but with this difference, that inſtead of ſtriking in a 


frong ſpark, as it did to the three inch ball, it now 


truck with a very ſmall ſpark to the Point, the point 
deprivin g the moveable cloud of moſt. of i its electricity as: 
It approached it, which was very OT paſſin 8 _ be 


tween. the ſeparations of the tin-foil. 


EXPERIMEN T XXII 


Every thing as in the laſt experiment, a chain only 
being hung on the Pointed wire, thereby compleating 
the metallic communication with the earth. As ſoon as 
the chain was hung on, the moveable artificial cloud in- 
ſtantly ceaſed ftriking to the point, and the other end of 
it was then attracted to the artificial cloud, which then 


kept — ſtriking to it: the moveable artificial 
cloud 
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cloud did not return to the point as it did before the 
chain was hung on, as in the laſt experiment. 


OBSERVATION. 


In the eighteenth experiment, where the moveable 
artificial cloud was intended to repreſent a cloud in its 
” natural ſtate receiving electric fire from a charged cloud, 
we find, that the point deprived it of its electric fire which 


it received from the charged one ſo faſt, that the artificial 


cloud could keep conftantly ſtriking to the other end, 
without repelling it from it; but that in the nineteenth 
experiment, when the ball was under the end of the 
moveable artificial cloud in the place of the point; then, 
inſtead of the artificial cloud continuing to ſtrike to the 
5 other end without repellin g that end, it now firſt attracted 
and charged it with electricity, or the matter of lightning; 
then immediately repelled it, and bein g attracted by the 
ball under the other end, it moved down with an ac- 
: quired velocity, till it came. within its ſtriking g diſtance, 
| diſcharging then its electricity on the ball with a loud 
and ſtrong ſpark, and ſo continued alternately receiving 
and diſcharging its electric fire on the ball. It being firit 
attracted, at which time it received an additional quan- 


tity of clechricity, : and then repelled till it had diſcharged 
that 
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hat additional quantity, is exactly agreeable to all the 
now laws of electricity. 


2 


This experiment may poſſibly throw ſome light on 


tween a charged cloud and the earth, it may be firſt at- 
tracted and charged, and then repelled, and if it ſhould 


then continue to be attracted till it came within its ſtrik-- 
ing diſtance, and then diſcharge its lightning ſuddenly 
on it; and if it was not repelled or attracted beyond the 


be attracted to it and charged, then repelled as before, 
and ſo may continue receiving and diſcharging the light- 


dectricity or matter of lightning. 
But if a cloud, in its natural ſtate, ſhould be 10 ſituated 


the ſame time within the power of a good metallic con— 
ductor terminating in a point; then from theſe experi- 
ments it does appear, that the charged cloud would con 


tinue ſtriking to the natural cloud, and that would again 
part 


what we ſometimes ice in nature, vis. one cloud con- 
tnuing to ſtrike towards the earth a conſiderable time; 
dor ſhould a cloud in its natural ſtate be ſo ſituated be- 


be repelled ſo as to come within the attracting diſtance of 
ny blunt body with a good or partial conductor, it would. 


attracting: diſtance of the charged cloud, it would again 


ning till the charged cloud is nearly exhauſted of its. 


vithin the ſtriking diſtance of a charged cloud, and at. 
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848 Mr. NAIRNE'S Experiments to ſbeꝛv the 
part with it ſilently, by means of the point, without 
ſtriking on it till the charged cloud is nearly exhauſteq, 

When we ſee a cloud ftriking into another cloud ſeye. 
ral times together, we conclude from all the known lays 
of electricity, that the cloud which firſt received the 
ſtroke muſt have diſcharged part or the whole of What 

it received before it could receive another ſtroke. 
In the twentieth experiment we find, that though ou Our 
| moveable artificial cloud was in great motion, receiving 
and diſcharging its electric fire on the ball, that, on 
raking away the ball, and putting the Point in Us plas 
the artificial ſtorm immediately ceaſed. 

In the twenty-firſt experiment, where the point was 
on a ſtick. of WAX, with ſeparations in the metallic com- 
munication with the earth, we find that, even in that 
= ſituation, the ftroke on the point was very ſmall to what 

it was on the ball with a good communication, great pan 
of the electric fire viſibly paſſing off as the cloud ap- 
proached the point; and when the metallic communica- 
tion was made compleat by hangin g on the chain, it then 
ceaſed ſtriking to- the yo. 


E Xx P F- 
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EXPERIMENT XXIII. 


The tube which I before called the moveable artificial 
cloud in the former experiments, from its moving very 


eaſily on its axis, was, by means of two ſcrews now fixed, 


immoveable, with the ball at one of its ends above the 
ball 0 at the end of the artificial cloud, at the height of 


three inches; : and underneath the ball, at the other end, 


was placed the ſtand with the point, at the diſtance alſo 
of three inches. The artificial cloud was then charged, 


and an electric ſpark ſtruck from the ball Cc at the end 


of it to the ball of the now fixed cloud above it, and at the 


fame inſtant ſtruck from the ball at the other end to the 


point at three inches. 


EXPERIMENT XXIV. 


The tune uſed i in the laſt experiment (which I now 


again call the moveable artificial cloud from its being 
made again to move freely on its axis) was placed exactly 
in every reſpect as in the laſt experiment; the only dif- 
ference was, that it could now move eaſily on its axis, 


mereas in the laſt experiment it was fixed immoveable 
at the diſtances: on charging the artificial cloud, the 
moveable artificial cloud, inſtead of receiving a ſpark, 
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and diſcharging it on the point, as in the laſt experiment, 
was now attracted down to the artificial cloud there re. 
maining, not ſtriking to the point, or returning to it ſo 


. Jong as the artificial cloud continued to be charged. 


OBSERVATION. 


By the twenty-third experiment we ſee, that if our 
cloud is fixed at a certain diſtance between the arti- 
| facial cloud and the point, the fixed cloud, at the in- 
ſtant it receives the electric ſpark, directly diſcharges i i 
again on the point. But in the twenty - fourth experi- 
ment, where there 1 is no other alteration than making the 
cloud moveable on its axis, the diſtances being exactly 
the ſame, the end of the cloud then recedes from the 
a Point and will not ſtrike to it. This twenty-fourth expe- 
riment is much more agreeable to nature than the 


1 twenty. third, for clouds are not fixed but floatin g bodies. 


In order to ſee the effect of rods terminatin g with 


balls of different ſizes, or terminating with a point, mor- 
85 ing ſwiftly under my arttical cloud, I made uſe of the. 


following apparatus. 
In fig. 7. H is a hollow tube of wood covered with tin- 
| foil, with a heavy weight faſtened to one end of this 


tube; and at about three inches above the weight Was 
1 — 


tl 


15 


I 
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an axis, it was then ſuſpended by this axis between two 
wooden pillars: in this wooden tube was a braſs rod, 


which was moveable, ſo that a ball or point fixed on it 
could be raiſed to the height required. 


EXPERIMENT xxv. 


A ball of one inch and three tenths Aer was 
fixed to the under part of the artificial cloud at K, and 
then this apparatus was placed under it with a point, the 
ſwinging rod was held down to the floor, as in fig. 8. 


and the point covered: : then the artificial cloud was 


charged by a certain number of turns of the glaſs cylin- 
der; the ſwinging rod with the point was then let go, 
and paſſed ſwiftly and very near to the ball under the ar- 
tificial cloud at K. This was repeated ſeveral times, re- 


moving the point- lower each time till the greateſt ſtrik- 
ing diſtance to the point was found, which was generally 
one inch and ſix tenths. 


EXPERIMENT XXVI. 


The point being removed, a ball of three tenths dia- 
meter was placed in its ſtead and tried, as the point in 
the preceding experiment; the ſtriking diſtance was ge- 
nerally found to be two inches and one tenth. 
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EXPERIMENT XXVII. 


The three tenth ball being removed, another of one 
inch and three tenths was tried as in the two laſt experi. 
ments, and the ſtriking diſtance was man's fifteen 
inches, 5 
But when the weather has been favourable for elec: 
trical experiments, I have ſeveral times had ſtrokes to the 
point from its paſſing ſwiftly, and as near as it could 
without touching the ball, till it was brought down to 
one inch and ſeven tenths, then the artificial cloud would 
ceaſe ſtriking to it till it was removed down to three 
inches and five tenths; * would then begin ſtriking 
again, and continue ſtriking to it all the while it wa 
removing to the diſtance of ten inches and three tenths, 
And when the three tenth ball was on in the place of 
the point, the artificial cloud would ſtrike to it from it 
| paſſing ſwiftly, and very near to the ball, and continue 
ſtriking all the while it was removing to the diſtance of 
two inches and nine tenths; then the artificial cloud 
_ ceaſed ſtriking to the ball till it was removed to thre 
inches and ſeven tenths, and after that diſtance con- 
tinued ſtriking till it was removed down to ten inches 


mw and eight tenths, But when a ball of one inch and three 
tenth: 
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tenths was uſed, the artificial cloud has ſtruck, as it 


paſſed ſwiftly, very near to the ball on it, and all the time 
it was removed down to ſixteen inches, there being no 
liftance with this one inch and three tenth ball at 
which the artificial cloud left off ſtriking, and then be- 


gan again; but here with the point and three tenth ball 


there were two ſtriking diſtances, as was before men- 
tioned in the ſecond experiment. 


This remarkable phenomenon 1 in electricity is, I be- 


lieve, new to electricians, and may be worthy their con- 5 


lderation. 


OBSERVATION. 


In the twenty-fifth experiment it appears, that the 
point is ſtruck by means of a ſwift motion; and from the 
wenty-ſixth experiment, that the ball of three tenths 
was ſtruck further than the point; and the ball of one 


inch and three tenths, i in the twenty-ſeventh experiment, 


at a much greater diſtance than either, even with the 


ſwift motion. 
From theſe experiments I ſhould be induced, firſt, to 


prefer elevated pointed conductors; next to them thoſe 


that are pointed, though they project but a little diſtance 
above the higheſt part of the building; and after them 
thoie 
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384 Mr. NAIRNE'S Experiments to ſbet the 
thoſe terminating in a ball, and placed even with the 


higheſt part of a building, though it does appear froml 


theſe experiments, that they are more liable to be ſtruck, 
and likewiſe have not the property of guarding the dif. 
tant parts of a building as elevated points have; but if 
they have a good metallic communication with the earth, 
the building might not be hurt, though the lightning 
0 ſhould ſtrike on the conductor; yet, I believe, there are not 
many who would not ſhudder at the tremendous blow, 
1 they were in a houſe when the conductor was firuck, 
' Thoſe conductors which are recommended to be within 
the inſide of a building, and one or two feet below the 
higheſt part , are certainly very dangerous, eſpecially 
for all that part of the building above the conductor, 
I was a witneſs of the dreadful effects of a ſtroke of 
5 lightning on a houſe that had an accidental partial con- 
_ ductor within the inſide of the upper part of the houſe. 
It happened to a houſe near Ratcliff Highway, on the 
29th of July, 1775. In the uppermoſt room ſtood a 
large iron triblet, of about three feet in height; the light- 
ning made its way through the roof of the houſe, throw- 
ing off a number of tiles, rending and tearing the laths 
and plaſter on the inſide, to get to the triblet, on which 
it ſtruck from thence to a hammer, which laid on the 


( 4) Mr. WILSOx'sõ Letter to the Marquis of ROCKINGHAM, Phil, Tran. 
vol. LIV, p. 247. 


floor 


down into the cellar to the leaden pipe, which conveyed 
water from the main, and in its way rent the houſe in 
rarious parts, ſo as to make it ſcarcely habitable, It left 


which 1 have now in my pofſeflion. If the conductor 
from the triblet had happened to have becn made by a 


ſerved; but the parts above would have been C_ 
rent and n. 


$0N's paper, intitled, New Experiments and Obſervations. 
on the Nature and Ulſe of Conductors. In p. 2. Mr. WII 
SON mentions, that he had declared his diſſent in the 
year 1772 againſt pointed conductors: I will here copy 


48. His words are, Every point, as ſuch, I conſider as 
« ſoliciting the lightning, and by that means not only 
a contributing to increaſe the quantity of every actual 
* diſcharge, but alſo frequently occaſioning a diſcharge 


if inſtead of pointed we make uſe of blunted conduc-- 
«tors, thoſe will as effectually anſwer the purpoſe of 
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poor near it: it then made its way, by partial conductors, 


marks of fuſion on different metallic utenſils, ſome of _ 
compleat and ſufficient metallic communication with the 


earth, all parts of the houſe below would have been pre- 


1 now beg leave to make a few remarks on Mr. WIL-- 


part of his diſſent as it is in Phil, Tranſ. vol. LXIII. p. 


* where it might not otherwiſe have happened. Whereas, , 


© cons- 
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856 Mr. NAIRNE'S Experiments to fh the 
„ conveying away the lightning ſafely, without that ten 
ce dency to increaſe or invite it.” | 
In anſwer to this I can only ſay, that, from theſe expe. 
riments of mine, the direct contrary appears to be the 
fact; that the point, inſtead of increaſing an actual dif. 
charge, prevents a diſcharge where it otherwiſe Would 
happen; and that the blunted conductors tend to invite 
the clouds charged with lightning. 


The eleven firſt experiments of Mr. WILSON s are in- 
tended to ſhew, that pointed conductors draw off the 
electricity from a cloud at a much greater diſtance than 

thoſe which are blunted. My ninth experiment proves 
the truth of thoſe experiments of his; the only difference 

is, that in mine the point acted on my artificial cloud t 

a much greater diſtance; from which it appears, to uſe 

his own words, p. 4. that a charged body i 18 exhauſted 

e of more of the fluid by a pointed than by a blunted 

6 conductor.” In anſwer to his twelfth experiment, and 
on to the eighteenth, where the model of the houſe 

moved ſwiftly, under his large artificial cloud, and where 
the point was ſtruck at five inches, and ſometimes at 

quarter of an inch further than his three tenth ball“ 

1 muſt obſerve, that I have ſometimes ſeen his apparatus 

at the Pantheon, with which he made his experiments, 
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i ſtrike 
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rice as far to the three tenth ball as the point; but in 
my experiments I have had it ſtrike ten inches three 
tenths to a point, and ten inches and eight tenths to a 
three tenth ball; but to a one inch and three tenths ball 
it commonly ſtruck to fifteen inches, and ſometimes to 


experiments I muſt obſerve, that the ſubſtitute being 


the ſubſtitute was fixed, the point was ſtruck; yet in the 


ſtriking diſtance, and every other of his experiments, 


his ſubſtitute was fixed about one inch and a half from 
his large artificial cloud. 

My reaſons for thus thinking a are, that when I placed 
a ſubſtitute of exactly the ſame dimenſions in every re- 


ſpect as his, and placed it alſo about one inch and a half 


.. K — 


ſixteen inches. In anſwer to the eighteenth and followin g 


fixed is unnatural; for clouds are compoſed of a fluid 
matter, moving with the utmoſt facility i in another fluid 
ſubſtance; and from my twenty- third experiment, w here 


wenty- fourth experiment, where there was no other 
alteration than allowing the cloud to move freely, then 
the point was not ſtruck. 1 imagine, if Mr. WILSON'S 
large artificial cloud at the Pantheon, which was 155 
feet long and 16 in diameter, had been properly inſu- 
lated, and there had been ſeveral cylinders properly 


mounted to have charged it, he would have found the 


very different from what he did, particularly thoſe where 
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from my artificial cloud, that then the longeft ſpark that 
I could get to a point was one inch and one tenth; by 
to a three tenth ball it ſtruck eight inches and ſeyen 
' tenths: and what further confirmed me in my Opinion 
was, that when I placed a braſs cone, halt an inch at the 
baſe and two inches high, on my artificial cloud, to Carry 
off part of its electricity, in order to prevent its being 
charged ſo high, every thing elſe being the ſame, that then 
I could get a ſtroke to the point one inch and one tenth az 
before, and ſometimes not longer to a three tenth ball; 
but to a one inch and three tenth ball the diſtance was 
leſs, being not more than half .an inch. But when ! 
made no other difference than taking off the cone from 


- the artificial cloud, it then ſtruck to the point as before, 


vs. one inch and one tenth, and to the three tenth ball 
eight inches and ſeven tenths; but to the one inch and 
three tenth ball nine inches and one tenth, inſtead of 
only half an inch, as it did when the cone was on, and 
of conſequence the conductor not ſo highly charged. If 
the ſubſtitute was placed 1 in contact with the artificial 
cloud, then there was no diſtance at which it would 
ſtrike to the point, but only to the balls, as Mr. WILSON 
obſerves was the caſe with his apparatus. His words are, 
p. II. © So that bringing the two ſubſtitutes into con- 
« tact occaſions the fame phenomena that the great cy- 

1 te Iinder 
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linder did alone; that is, the rounded end would cauſe 
an explofion at a confiderable diſtance, and the point 
4 little or none, — it was brou cloſe to 
Fw ſubſtitute,” 1 


remark on that part of Mr. wiLsON's paper, where from 
his experiments he ſeems to conclude, that the lightning 
at Purfleet firſt ſtruck on the point of the rod of the 


mw % mM CD — — — þ 


ſtruck the cramp on the coping ſtone. I believe, if he 


if the lightning had ſtruck on the point of the conduc- 


muſt after it had ſtruck on the point, and paſſed down a 


nued from the point under the ſtone w hich was ſtruck. . 
It appears more probable to me, from the trifling damage 


ts electricity in paſſing; and that after it had paſled, 
5 02 = | it 


rr — 


I muſt beg to intrude a little more on your time to 


conductor, and then, by a lateral part of that ſtroke, 


had examined the ſituation of the ſtone, and the place 
where the cramp was ſtruck, he would have found, that 


tor, that to have produced that effect on the ſtone, it 


quantity of metal, have ſtruck from the metal up into the 
air, then down again on the cramp, and then again to 
the metal it had left, for the ſmall dent or hollow made 
by the lightning was on the upper furface of the ſtone, 
and yet the metallic communication to the earth conti- 


it did, that the charged cloud had paſſed over the pointed 
conductor, and had been exhauſted of a great part of 
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it was attracted down lower by a ridge of hills that Wa 
beyond, and that the cloud being out of the influence gf 
the point to prevent its ſtriking, the end of the. clqu 
might ſtrike at an angle in the cramp, and ſo to the me. 
tallic part of the ad which was ene om 
inches below. : | i 
I ſhall conclude with during, that Mr. HENLY and 
myſelf had the pointed rod of the conductor at Purflect 
taken down to examine the point; but we found Po ap- 
pPearance on it chat ſhewed that it had been ſtruck. 
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XXX VI. On the. Uje of , aft Amalgam of Zinc, for the 
Purpoſe of electrical Excitation, &c, By Bryant Hig- ; 


gins, M. D. in a Letter 70 — Brockleſby, M. D. 
F. R. S. A or 


TO DR. BROCKLESBY. 


Greek Lrrect; Soho, 


"DEAR: STK May 8, 1778. 


1 
Read July 4, 


1778. 


mat, agreeable to the ſaggeſtion made in my laſt courſe 


of chemiſtry, the amalgam, of zinc, which contains four 
times more quickſilver chan zinc, is much better for 
dectrical excitation than the tin amalgam of the inge- 


nious Mr. CANTON, when uſed in the ſame circum- 
ſtances. 


Lalſo find, that nel cylinders are eaſily and ef- 
fectually cleanſed by applying to them a piece of the 


Wy ſkin of the dog-fiſh whilſt the cylinders are turned 


3 ” round; 


E Y . experiments lately made by 
— myſelf, and repeated by others, I find 
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round; and that in this method of cleanſing the glag 
cylinders, we avoid the inconvenience of removin g the 
caſhion, and the danger of ſcratching the'glals, to bot! 
which we are expoſed itt the * ene 


cleanfing FORE * „KA rl ofe 21174 ado? WD, 
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to Sir John Pringle, Bart. P. RS ing ofen 


TO SIR JOHN PRINGLE, BART. p. R. 8. 


c nbd 


tions, it is apprehended, will not be 

hought unintereſting: b. 2 xerfons verſed in chemiſtry. 
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bulk for bulk, heavier than the ore itſelf. It undergoes 


nodity, the genera, 
nuch as poſſible, from every heteroge neous im purity. 
Suppoſe 


„re. By Richard Watſon: D, D. F. R. E. in a Letter 


8 I Ry f 5 - | : June 13, 17. 
I ME Sellowing experiments and obſerva- 


Ic te > them to 


LEAD ORE, as FAR out af the mine, is generally 
much mixed with ſpar, lime-ſtone, and other ſubſtances, 


raious dreſſings before it becomes a merchantable com- 
tendency of which is to free it, as- 
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lead ore or other foreign ſubſtance, would weigh 27.00 
ounces, then would a mixture, conſiſting of a cubic foot 


Suppoſe that a cubic foot of lead ore, which contained 
no ſpar or other extraneous matter, would weigh 7800 
dunces, and that a cubic foot of ſpar, rhich contained no 


of pure lead ore and a cubic foot of pure ſpar, weigh 
10500 Ounces, and one cubic foot of ſuch a mixture 


would weigh 52 50 Ounces. It is obvious that, according vei 
to the different proportions in which the particular kinds N vas 

| of ſpar and lead ore here affumed are ſuppoſed to be N hen 
mixed together, a cubic foot of the mixture will have I bet 
different weights, the limits of which ard on the one I lis! 
hand 7800, and on the other 2700 ounces; it never can I diff 
: weigh ſo little as 2700 ounces, for then it would conſiſt me 
intirely of ſpar without any lead ore; nor can it ever N 
weigh ſo much as 7 800 ounces, for then it would con- ¶ the 
faſt intirely of lead ore without any ſpar. Wei 
From this view of the matter it is evident, that the I bot 
parchating of lead ore by the meaſure, which is the ge- 
neral thou gh not the univerſat cuſtom in Derbyſhire, is Gn 
A mode liable to ſome exception; ſince a diſh, containing ano 
any definite meaſure, muſt have different weights, ac- far 
cording as the ore with which it is filled is mote or lel rot 
me 


free- from ſpar. And it is ſearce poſſible, by repeated 
— — | dreſſingo 
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enlgs, — the ſpar from an ore, or equal 
wh it from equal portions of ore. | 
here is 4 diverſity, however, i in the weights of dqual 
neaſiires'of lead ore, which probably does not ariſe from 
ſparry or other heterogeneous accretions, but from the 
nature of the ore itſelf. I have carefully taken the ſpe- 

afic gravities of many of the Derbyſhire lead ores ; the 
veight of a cubic foot of the lighteſt which I met with 
was 70 5 I ounces, and the weight of a cubic foot of the 
heavieſt was 77 86 ounces; the difference amounting to 
between a ninth and a tenth part of the weight of the 
lighteſt, There are probably other ores of lead which 


mentioned; but the difference between theſe is ſufficient 
o ſhew the great uncertainty of purchaſin g lead ore by 
the meaſure, ſince ten diſhes of one ſort of ore may not 
weigh more than nine diſhes of another ſort, though 
doth the ſorts be equally well dreſſed. i | 
Lead ore is not always of the ſame goodneſs i in the 
ſame mine, nor even in the ſame part of the fame mine; 
and, what is more remarkable, the different parts of the 
lame lump of ore have different ſpecific gravities. I could 
rot eafily have believed this, unleſs a variety of experi- 
ments had convinced me of the fact. 
Vol. LXVIII. — They 


differ more in their ſpecific gravities than theſe here 


ing a lead ore from the Iſle of Man; the ore was rich in 
was broken into ſeveral pieces, and ſuch of the pieces 
were ſelected as appeared to the eye to be wholly pure, 
By taking the ſpecific gravities of fix of theſe pieces | 


weighed 6565 ounces, and a cubic foot of the heavieſt 
kind would have weighed 7 6 36 ounces. Suppoſing the 


mean ſpecific gravity of the ſix different . of this 


pieces, weighing near one ounce each. A cubic foot of 
the lighteſt of theſe pieces would ive weighed 7.326 
- ounces, and a cubic foot of the heavieſt would have 
Wei ighed 77 86 ounces. The mean — gravity of the 
fx. Pieces Was 7. 566. 


quantities of ſteel-grained lead ore. Six different pieces 


of which appeared quite free from ſpar and every other 
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They were employed this year at Holywell in ſme. 


filves, A lump of this ore, weighing about ten ounces, 


found, that a cubic foot of the lighteſt kind would have 


ſpecific gravity of wafer to be denoted by 1,000, the 


ore may be expreſſed by 7.115. 
A very pure ſpecimen of tefſellated lead ore, from a 
mine near Aſhover 1 in Derbyſhire, was broken into ſix 


At the fame mine they frequently meet with ſmall 
of the ſame lump of this. kind of ore were choſen, each 


impurity. A cubic foot of the lighteſt of theſe pieces 


would have weighed 7188 ounces, and a cubic. foot of 
3 — 
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the heavieſt would haye weighed 7442 ounces. The 
mean ſpecific gravity of the ſix pieces was 7.342. 
Other lumps of ore, from different mines, weye re- 
ſpectively. broken into different pieces, and ſcarcely any 
two pieces of the ſame lump were obſerved to agree in 
their ſpecific gravities. This diverſity in the ſpecific gra- 
rities of the ſeveral pieces of the ſame lump of ore may 
be owing, either to the different proportions in which 
the conſtituent parts of the ore are combined in the ſe- 
reral pieces; or to the different quantities of extraneous 
ſubſtances imperceptibly mixed with them, or, which 
ſeems moſt probable, to a diverſity in the ſize or configu- 
ration of the Pes. | 
But be the cauſe of the diverſity | in the ſpecific gravi- 
ties of different pieces of the ſame lump of ore what it 


may, the fact, 1 believe, i is certain, and by no means fin- 


gular; for not to mention the varieties obſervable i in the 
ſpecific gravities of different pieces of roll brimſtone, of 
corroſive ſublimate, of caſt ſteel, and other factitious ſub- 
ſtances, the natural ſpars generally found along with 
lead ore are ſubject to a ſimilar diverſity, though not ” 
perhaps in an equal degree. 
A piece of rhomboidal, otherways called refracting or 
lantern ſpar, was broken into four ſmaller pieces, the ſpe- 
cific gravities of which were 2.67 5, 2.687, 2.7 1 5, 
5 P 2 . 2.7233 
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fixes the ſpecific gravity of Iceland „ at 2 72.0, and 
WALLERIUS fixes it at 2.700. 


crucible and expoſed, at firſt, to a gentle, afterwards to a 
| ftrong fire: the ore grew red, and emitted fumes which 
ſmelled of ſulphur; at length it melted, and the fumes 
became very copious; they were accompanied with a 
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2.723; the medium of the four is 2.700. 


Mr. corn 


The ſpecific gravities of four pieces of the fame lumg 
of cubical ſpar were 3. 204, 3. 218, Zi * 3.231; the 
medium of the four is 3.219. 

Six ounces of fine teſſellated lead ore were put into a 


yellowiſh flame upon the ſurface of the melted ore, and 
when collected had a whitiſh. appearance. The crucible 
after the ore had continued a full hour in perfect fuſion 


was taken from the fire, and when it was cold it was 
broken. The maſs which it contained weighed five 


ounces and an half; there were no ſcoria obſervable on 
its ſurface, nor were any particles of metal formed, it 
was ſtill an ore of lead. | 


The miſs remaining from the laſt experiment was put 
into a freſh crucible, and expoſed to a ſtrong melting 


heat; the fumes which aroſe from it ſeemed to be 
heavy; they brooded over the ſurface of the melted mals 
in undulating flames, which now and then appeared like 
burning zinc. The lead was now formed, and man} 

particles 
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— it were ſublimed to at leaſt ſix inches above 


he ſurface of the liquid in the crucible. After letting 
the crucible continue two hours in this ſtate, I poured 


out its contents, and found them confiſting partly of 
lead, partly of lead ore, and partly of a "wy minute por- 
ton of browniſh ſcoria. | 
Theſe experiments prove, that ſome ſubſtance or 
other is contained in lead ore, which muſt be diſperſed 
before the ore can be formed into lead: and they ſhew 
too, that it requires a conſiderable time to effect the diſ- 


perſon of this ſubſtance, fince fix ounces of ore, though 
kept three hours or more in complete fuſion, were not 
wholly brought into the form of lead; and, laſtly, they 
render it probable, that the fumes, ariſing from melted. 
ore, carry off with them no inconſiderable portion of the 
lead itſelf. At the great ſmelting houſes in Derbyſhire, 
they put a ton of ore at a time into the furnace, and work 
i off in eight hours; the ore might be wholly melted i in 
one hour, but the lead perhaps is not formed in the 
greateſt poffible quantity in eight hours. #1 

Some fine teſſelated lead ore from Derbyſhire Was 
pounded into ſmall lumps, each about the ſize of a pea, _ 
and carefully picked from ſpar and other impurities. _ 
ixteen ounces of this ore, thus previouſly cleanſed, were 
diſtilled in an earthen retort; as ſoon at the ore felt the 
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j | -ounce, ſo that a quarter of an ounce or more had l been 
diſperſed, probably in the form of air, or ſome elaſtic 
1 fluid. The ore by this proceſs had loſt one thirty - ſecone 


870 Dr. WATSON'S: — and 
fire, the ſtopple of the quilled receiver had a ſtrong ſme 
reſembling that of the inflammable air ſeparable From 
ſome metals by ſolution in acids; ſoon after a ſmall po 
tion of a liquid came over into the receiver; the: fire v 
then raiſed till the retort was of a white heat, nw 
black matter began to be ſublimed into the neck of the a 

retort; the operation was then diſcontinued. b This expe- 

riment was undertaken with a view of ſeeing Whether 
"ſulphur could be ſeparated from lead ore, as it may be 
from ſome ſpecies of the pyrites, by diſtillation, and it 
appears from the iffue of the experiment that it cannot. 

; What might have been the event of the experiment ifit 

had been conducted with a very gentle heat for a long 
time, [ cannot pretend to ſay. Upon breaking the retort 
1 found, that the ore had been melted during the opera. 
tion, , for there was a conſiſtent cake of ore of the figure 
of the bottom of the retort; the weight of this cake W: 
fifteen ounces and an half, the weight of the liquid i l 
the receiver, and of the black matter which had been 
ſublimed, did not together amount to one quarter of al 


part of its weight; but I am of opinion, that if the opt 


ration had been conducted with a leſs degree of heat all 
continues 
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antinued for a longer time, the quantity of liquid would 
ye been augmented. The liquid did not efferveſce. 
with either acids or alkalies; nor. did it produce any 
change in the colour of blue paper, though I am certain, 
from experiment,, that one drop of oil of vitriol, though 
anted with two ounces of water, would have produced a 
enſible redneſs on the blue paper which I uſed. The 
iquid, notwithſtanding, had an acid taſte, and a pungent 
ſmell, reſembling that of the volatile vitriolic acid. The. 
experiment ought to be repeated with. a larger quantity 
of ore, in order to aſcertain the quantity and quality of 
the liquid, ſeparable therefrom by ſimple diſtillation. . 
The- black matter which had been ſablimed. into the. 
neck of the retort, was examined with a microſcope, and. 
it appeared to be pure lead ore; Hence it is probable, that 
by a due degree of heat in cloſe veſſels, lead ore might 
te intirely ſublimed without being decompoſed; for the 
nelted ore which was found at the bottom of the retort, 
had not any appearance of either ſcoria, or of lead, upon 
ts ſurface. Finding that ſulphur could not be ſeparated 
om lead ore by diſtilling it without addition, and yet being. 
much diſpoſed, to think, that it contained a conſiderable. 
portion of, ſulphur, I firſt. thought of. diſtilling it with 
charcoal duſt; iron filings, ſand, and other additions; but. 
1 * 8 that ſulphur might be ſeparated from anti- 


mony 
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mony by ſolutions in acids, I thought it not iraprobabls 
that it might be ſeparated from lead ore by the ſame 


means, and the ſucceſs of the following GxPerinaeus 


abundantly juſtified the conjecture. 


Upon ten ounces of lead ore, cleanſed as in the pre. 


ceding experiment, I poured five ounces of the ſtrongeſt 


fuming ſpirit of nitre; this ſtrong acid not ſeeming to 


act upon the ore, I diluted it with five ounces of water; 
a violent ebullition, accompanied with red fumes, i 1mme- 
diately took place; the ſolution of the ore in this men- 
: ſtruum became manifeſt, and when it was finiſhed, there 
remained floating upon the ſurface of the menftruum a 
cake of fine yellow ſulphur, perfectly nn com- 


mon ful phur. 


* repeated this experiment a great many times, in or- 


der to aſcertain the quantity of ſulphur contained in lead 


ore, and ſeparable therefrom by ſolution i in acid of nitre. 
The reſults of different experiments were ſeldom the 


ſame: the matter ſeparable from the ore by ſolution, 


after being repeatedly waſhed in large quantities of hot 
water, in order to free it from every ſaline admixture 
ſometimes amounted to more, ſometimes to leſs than 
one-third the weight of the ore. This matter may, fot 
the fake of diftinction, be called crude ſulphur. Its ap- 


parent purity might induce a belief that it contained no 
Hetero- 


2833 
engen . tuncz yet the fullwning experiments 
hew how much we ſhould be deceived i in forming ſuch 
3 and how rightly it 1s — crude 
From one dindred and twenty - pants, by wad, of - 
lad ore, I obtained, by ſolution in acid of nitre, ſubſe- 
quent waſhing in hot water, and drying by a gentle fire, 
any parts of a ſubſtance which locked like ſulphur: 
heſe forty parts were put on a red-hot iron, the ſulphur 
i made manifeſt by a blue flame and pungent ſmell. 
then the flame went gut, there remained upon the iron 
nconſumed twenty-ſix parts of 2 greyiſh calx; the 
right of the ſulphur which was conſumed muſt there- 
e have amounted to fourteen parts, or between one 
ighth and one ninth part of the weight of the ore. It 
5 been obſerved, that the weight of the matter, {epara- 
b boom lead ore by ſalution in acid of nure, ſometimes 
iceeded, and ſometimes fell ſhort of, one third part of 
he weight of the ore; this variety, as far as I have been 

ble to obſerve, does not extend to the quantity of ſal- 
wur contained in a given quantity of ore, but depends 
pon the quantity of calx remaining after the burning of 
r ſulphur. Different lead ores will, doubtleſs, contain 
ilterent quantities of falphur; but that the ſulphur con- 
uned in the lead ore which I exanuned conſtitutes be- 
en one eighth and one ninth part of the w eight of 
Vor. LXVIII. 4 5 the 
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the ore, is a conchafion -upon which, from a variety of 
experiments, I am diſpoſed to rely. 


| thouſand tons of lead ore: now it means could be in. 


| vented (which I think very poſſible) of ſaving the ful. 
phur contained in ten thouſand tons of ore, ſuppoſing 


byſhire alone would furniſh annually one thouſand. tons 
of ſulphur, the value of which would annually be about 


thus publicly, i in hopes that the lead ſmelters may be in- 
duced to proſecute the object. 


crative buſineſs to the ſmelters, but a great faving to the 
nation. We at preſent i import the ſulphur we uſe, and the 


makin g of gun powder, in formin 8 the mixture for covers 
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There are annually ſmelted in Derbyſhire about ten 


that the ore ſhould only yield one tenth of its weight ol 


fulphur, though it unqueſtionably contains more, Der- 


fifteen thouſand pounds. I mention this circumſtance 


If the ſulphur containet 
in lead ore could be collected, it would not only be a lu- 


conſumption of this commodity is exceeding great, in the 


ing the bottom and ſides of ſhips, and in a great variety df 
arts. The ſmelters need not be apprehen five leſt the qua- 
lity of the ore ſhould be inj jured by extracting the ſulphur, 
Eighteen hundred weight of ore, from which the ful 
phur has been extracted, will certainly yield as much leal 
as twenty hundred weight of ore, from which the ſulphur 
has not been 2 and it will probably yield more: 

Arſenic 


Obſervations: on Lead ore. 6 Te 


Arſenic is extracted from a particular ore in Hm by 
caſting the ore in a furnace, which has a long horizon= 


tal chimaey ; the chimney is large, has many wiidings 
nd angles, that the arſenical vapour which arites from 
the ore may be the more eaftly condenſed: the arſenic 
attaches itſelf like ſoot to the ſides of the chimney, and i is 


ome ſuch contrivance the ſulphur contained in lead ore 
night be collected. The ſmelters call every thing ſul- 
phur which 1 is volatilized during the roaſting or fluxing 
of an ore; but none of thoſe with whom J have con- 
verfed had any notion that common ſulphur could be ſe- 
parated from lead ore. 1 . 

The greyiſh calx which remained upon the iron after 
the ſulphur was conſumed, was put upon a piece of lighted 
charcoal; the heat of the charcoal being quickened by 
blowing upon it, a great number of globules of lead were 
formed Upon its ſurface. From hence it appears, that 
this calx is not an unmetallic earth contained i in the ore, 


lead, probably produced by the violent action of the acid, 
and which, by the addition of phlogiſton, may be exhi- 
bited in its metallic form. The quantity of this calx de- 
pends much upon the action of the acid upon the ore; 
if that action is v iolent, the calx is in greater abundance. 
7 than 


from time to time ſwept out. It is very probable, that by 5 


which the acid of nitre could not difſolve; but a calx of de 
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tains lead and fulphur, a liquid and air: of the exiſtence 
of the three firſt there can be no doubt, from what has 
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often appears cryſtallized upon the ſurface of the men- 
ſtruutmm in this experiment; and if, when the menſtruum 
is in that ftate, a little freſh acid be added, the ſalt in- 


fantly cryttallizes and falls down to the bottom of the 
glaſs, 


876 Dr. wArsow's — and 
than if it be moderate; and I am not certain whether the 
experiment might not be ſo managed, that there would 
be little or no calx remaining; that is, a given quantity 
of ore might be ſo diffolved in the acid of nitre, that 
nothing would remain undiſſolved except the ſulphur, 
But I have not yet perfectly ſatisfied myſelf as to the 
conſtituent parts of lead ore. I am certain that it con- 


been faid, and the air is rendered beautifully apparent 


: by the followin g experiment. 5 


Let ſome lead ore be reduced into a fine 3 put 


it into a narrow-bottomed ale glaſs, fill the glaſs three 


parts with water, drop into the water a portion of the 


ſtrong acid of nitre, you may judge of the requiſite 
quantity by ſeein g the ſolution commence, and you will 
obſerve the ore univerſally covered with bubbles of air, 


theſe will buoy the ore up in large tufts to the ſurface, 


and the air will continue to be ſeparated from the ore till 
the acid becomes faturated with the lead. The falt 
ariſing from the union of the nitrous acid to the lead 
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glaſs, the acid having abſorbed the water which held it 
in ſlution. When lead is diſſolved in the manner nere 
nentioned, by a very diluted acid of nitre, there is no 
ppearance of ſulphur upon the ſurface of the men- 
ſruum, there is found at its bottom a black matter which 
z the ſulphur. | 
Zut though lead and ſulphur, a liquid and air, are un- 
queſtionably | conſtituent parts of lead ore, I do not take 
upon me to ſay, that they are the only conſtituent parts: 
tis well known, that, during the ſmelting of lead ore, a 
third part or more of its weight i is ſomehow or other loſt, 
fince from one and twenty hundred weight of ore they 
{dom obtain above fourteen hundred weight of lead. 
What is loft partly confifts of a ſcoria which floats upon 
he ſurface of the lead during the operation of ſmelting, 
and partly of what i 18 ſublimed up the chimney and diſſi- . 
pated in the air. The ſcoria, I apprehend, would be very 
lttle even from a ton of ore, if the ore was quite free from 
ſpar: it is the ſpar which is mixed with the ore that con- 


pleffion a folid maſs of ſcoria, which accidentally 
flowed out from a ſmeltin g furnace, arid which in colour 
Wad conſiſtency perfectly reſembles grey lime-ſtone; it 
reeives a poliſh as fine as marble, and it might, perhaps, = 
vith advantage be caſt into molds for Pavin g ſtones, 
1 chimney 


ſitutes the main portion of the ſcoria. 1 have in my : 
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chimney pieces, and other matters. It ariſes from the 


part of the ore which is ſublimed and Gif perfed in the 


the reſt of it flies up into the air, from whence it falls 
upon the ground, poiſoning the water and herbage upon 


either by making it meet with water, or with the vapour 
of water during its aſcent, or by making it paſs through 


an Horizontal chimney of a ſufficient length. 


af this ſublimed lead; a general gueſs, however, may 


forty hundred wei ight; the air, liquid, ſcoria, and ſub⸗ 
limed lead, muſt together, upon this ſuppoſition, amount 


dred weight of the thirteen to be ſublimed lead, it 1s 


ſpar mixed with the ore, and, by the addition of fuſible 


ſpar to the ore during its fuſion, its quantity might be 
increaſed at no great expence, in any proportion: That 


air, conſiſts partly of the ſulphur which is conſumed, 
and partly of lead; this ſublimed lead attaches itſelf in 
part to the ſides of the chimney of the ſmelting furnace; 


which it ſettles. This ſublimed lead might be collected 


It! is not eaſy to determine with Preciſion the quantity 


throw ſome light upon the ſubject. They uſually ata 
ſmelting houſe work off three tons, or ſixty hundred 
weight, of lead ore every tw enty-four hours; the ſulphur 


contained 1 in ſixty hundred weight of ore we will ſup- 


poſe to be ſeven hundred weight, and the lead to be 


to thirteen hundred weight; now, admitting three hun- 


evident 
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exident that, could it be collected, there would be an annual 
fying at each ſmelting houſe of above fifty tons, which, 
ſuppoſing it to be worth four pounds per ton, would 
mount to above two hundred pounds a year. The price 
nd quantity of lead ſublimate here aſſumed are probably 
both of them below the truth; but my end is anſwered in 


zwing this hint to perſons engaged in the ſmelting 
buſineſs.. * 

The folloreing experiments, though upon a different 
ſubject, may not be unacceptable to the lovers of che- 
miſtry, as I do not remember to have any where met 
with them 1. trouble the Society with a relation of 
them at this time, that I may not hereafter intrude von 
their leiſure. 

It is commonly known, that the ſurface of melted 
kad becomes covered with a pellicle of various colours. 
Iundertook ſome experiments in the courſe of laſt wine 
ter, with a view to aſcertain the order in which the colours 
ſucceeded each other. The lead which lines the boxes 
in which tea is imported from China happening to be at 
hand, ſome of it was melted i in an iron ladle; but 1 was 
nuch ſurprized to find that its ſurface, though it was 
preſently covered with a duſky pellicle, did not exhibit 
aly colours. Imagining that the heat was not ſuffi- 
ently ſtrong to render the colours viſible, the fire was 
urged till the ladle became red-hot, the calcined pellicle 


upon 


880 Dr. warsox's Experiments and 
upon the ſurface of the lead was red-hot alſo, but it was 
ſtill without colour. The ſame parcel of lead was boiled 
in a crucible for a conſiderable time; during the boiling 
a copious ſteam was diſcharged, and the ſurface of the 
lead, as is uſual, became covered with a half vitrified 
ſcoria. The lead which remained unvitrified was then 
examined, and it had acquired the property of formin 32 
a ſucceſſion of coloured pellicles during the whole time of 
continuing in a ſtate of fuſion. 
Another portion of the fame kind of "ory was expoſed 
to a ſtrong calcining heat for a lon g time; the part which 
remained uncalcined did, at len gth, acquire the property 


| of exhibitin g colours ſufficiently vivid. 
Ik)heſe experiments induced me to conclude, that the * 
Chineſe lead was mixed with ſorne ſubſtance from whic g 


it was neceſſary to free it, either by ſublimation or calci 
nation, before it would exhibit its colours. It would be 
uſeleſs to mention all the experiments which I made be 
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| | Fore I diſcovered the heterogeneous ſubſtance wit nas 
| | | which I ſuppoſed the Chineſe lead was mixed. At la in g 
[ 1 hit upon one which ſeems fully ſufficient to explanf ; g 
uw DE the phenomenon. Into a ladle full of melted Derbyſhin deg 
; | lead, which manifeſted a ſucceſſion of the moſt wi me 


colours, I put a ſmall portion of tin, and obſerved, that? 


ſoon as the tin was melted, and mixed with the Jead, l 
Baht | = 


the 
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more colours were to be ſeen. I do not know preciſely 


de ſmalleſt poſſible quantity of tin, which will be ſaffi- 


cent to deprive a given quantity of lead of its property 
of forming coloured pellicles, but I have reaſon to be- 


eve, that it does not exceed one five thouſandth 7 of 


weight of the lead. 


Derbyfhire lead, which has loft its property of exhi- 
biting colours by being mixed with tin, acquires it again, 1 


x is mentioned of the Chineſe lead, by being expoſed to 
a calcining heat for a ſufficient time; the tin it is ſup- 


poſed being ſeparated from the lead by calcination be- 


fore all the lead 1 18 reduced to a calx. 


some calcined Chineſe lead was reduced to its metallic 
form by burning ſome tallow over it. The reduced lead 
gave, when melted, coloured pellicles; ; the calx of tin, 
which we ſuppoſe to have been mixed with the calcined 


lead, not bein g ſo eaſily reducible as that of lead. 
I find that zinc is another metallic ſubſtance which 


has the ſame property as tin with reſpect to the depriv- 


ing lead of its power of forming coloured pellicles; but 
It does not, I think, poſſeſs this power in ſo eminent a 


degree as tin. I put ſmall portions of biſmuth alſo into 


melted lead, but the lead ſtill retained its quali ity of form- 
ing colours. I melted together ſome ſilver and lead, but 


the lead did not thereby loſe its po er of forming colours. 


VoL. LXVIII. 5 R A little 
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change produced in lead by the admixture of a ſmall 
portion of tin is much felt by the plumbers, as it makes 
the metal ſo hard 2nd harſh, that it is not without diffi- 
culty they can caſt it into ſheet lead. If their old lead 
does not work ſo willingly, nor exhibit colours o readily, 


lead can ſeldom be thorou ghly freed. 


ple, green, pink, green, pink, green. Upon exhibiting 


- obſerved theſe ten. changes to follow one another in 4 


A little tin added to a mixture of lead and biſmuth; or to 
a mixture of ſilver and lead, immediately takes away 
from the reſpective mixtures the „ of n 
coloured pellicles. 18 0] 
This quality of tin has n as far asI know, been 
unobſerved; but every new fact, relative to the action 
of bodies one upon another, ought to be recorded. The 


as new lead, they may refer the difference to the ſmall 
quantity of tin contained i in the ſolder, from which old 


With reſpect to the order in which the colours ſucceed 
one another upon the ſurface of melted lead, it ſeems to 
be the following one; yellow, purple, blue, yellow, pur- 


the bright ſurface of melted lead to the air, I have often 


more or leſs rapid ſucceſſion, according to the de egree of 
heat prevailing in the lead. If the heat is but ſmall, the 
ſucceſſion ſtops before it has gone through all - the 
changes; but with the ic greateſt heat I did not obſerve an) 

further 


Oꝛfervatiums « on Leud Ore. 


before it is changed into the next in order. | 
The formation of theſe colours may be explained 

from what has been advanced by Sir ISAAC NEWTON, 

and illuſtrated by the very ingenious experiments of Mr. 


DELAVAL, relative to the ſize of the particles conſtituting 


coloured bodies. 


further yariation. All the colours are very vivid, and 
each ſeems to go through all the ſhades belonging to it 
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XL. Deſcription of a moft efeFual Method of fetiring ; 
Building s againſt Fire, invented by Charles Lord 


Fiſount Mahon, F. R. S. 


Read July 2, ns. 


"HE new and very ſimple method which I have 
diſcovered of ſecuring every kind of building 


(even chough conſtructed of timber) againſt all danger 
of fre, may very properly be divided into three parts; 
namely, under-floorin 2, extra-lathing, and inter- ecur- 
ing, which particular methods may be applied, in part 
or in whole, to different buildings, accordi:1 g to the va- 

rious circumſtances attending their conſtruction, and 


according to the degree of accumulated fire, to which 


each of theſe buildings may be expoſed, from the dif- 
ferent uſes to which they are meant to be appropriated. 
9 2. The method of under-flooring may be divided 

into two parts; videlicet, into /i ingle and double under- 


flooring. 


The method of /ing/e W is as follows. A 


common ſtrong lath, of about one quarter of an inch thick 


= (either 


Lord MAHON's Method of ſecuring, &c. 885 
either of oak or fir) ſhould be nailed againſt each fide of 
ery joiſt, and of every main timber, which ſupports 
be floor intended to be ſecured. Other fimilar laths ought 
then to be nailed the whole length of the joiſts, with 
heir ends butting againſt each other: theſe are what I 
call the fillets. The top of each fillet ou ght to be at one 
ach and a half below the top of the joiſts or timbers 
againſt which they are nailed. Theſe fillets will then 
form, as 1t were, a ſort of ſmall ledge on each ide of all 
the joiſts. 

(3 When the fillets are going to be nailed on, ſome 
of the rough plaſter hereafter mentioned (8 9. ) muſt be 
hread with a trowel all along that ſide of each of the 
fillets, which is to lay next to the joiſts, in order that 
theſe fillets may be well bedded therein when they are 
wiled on, ſo that there ſhould not be any interval be- 
tyeen the fillets and the joiſts. 5 pans 

{ 4. A great number of any common laths (either of 
ak or fir) muſt be cut nearly to the length of the width 
of the intervals between the joiſts. 
Some of the rou gh plaſter referred to above (§ 3. ) 
ught to be ſpread, with a trowel, ſucceſſively upon the 
y of all the fillets, and along the ſides of that part of 
We joiſts which is between the top of the fillets and the 
ai edge of the joiſts. - 


The 


- 
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* 

The ſhort pieces of common laths juſt mentionei ¶ on 
ought (in order to fill up the intervals between the joits Ml m 
that ſupport the floor) to be laid in the contrary direc fo 
tion to the joiſts, and cloſe together in a row, ſo as U 
touch one another, as much as the want of ftraitneſs in 
the laths will poſſibly allow, without the laths lapping 
over each other; their ends muſt reft upon the fillet 
ſpoken of above ( 2.) and they ought to be well beddel co: 
in the rough plaſter. It is not proper to uſe any nails to be, 
faſten down either theſe ſhort pieces of laths, or thoſe ¶ thi: 
ſhort pieces hereafter mentioned (87 Y 0 Jat] 
„ Theſe ſhort pieces of laths ought then to wig c- anc 
vered with one thick coat of the rough plaſter ſpoken " 
| hereafter 68 9.), which ſhould be ſpread all over them, the 
and which ſhould be brou ght, with a trowel, to be about 
level with the tops of the joiſts, but not above them. coa 
This rough plaſter in a day or two ſhould be trowelledji the 
all over, cloſe home to the ſides of the joiſts; but the 
tops of the joiſts ought not to be any wiſe covered with 
it. 7 18P 


$ 6. The method of double * is, in * 


firſt part of it, exactly the ſame as the method juſt de 
ſcribed. The fillets and the ſnort pieces of laths are 2 of / 
plied in the ſame manner; but the coat of rough plainly 3 

— ought ſery 
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ought to be little more than half as thick as the coat of 
— w_ applied in the method of fi ngle under- 
bh 7. In the method of, double under-flooring, as faſt 
s this coat of rough plaſter is laid on, ſome more of the 
ſhort pieces of laths, cut as above directed ( 4,), muſt 
he laid in the intervals between the joiſts upon the firſt 
coat of rough plaſter; and each of theſe ſhort laths muſt 
be, one after the other, bedded deep and quite ſound into 
this rough plaſter whilſt it is ſoft. Theſe ſhort pieces of 
Jaths ſhould be laid alſo as cloſe as poſſible to each other, 
and in the ſame direction as the firſt layer of ſhort laths. 

98. A coat of the ſame kind of rough plaſter mould 
then be ſpread over this ſecond layer of ſhort laths, as . 
there was upon the firſt layer above deſcribed. This 
coat of rough plaſter ſhould (as above directed J "A for 
the method of J ingle under-flooring) be trowelled level 
mth the tops of the joiſts, but it ought not to riſe above 
them. The ſooner this ſecond coat of rough plaſter is 
ſpread upon the ſecond layer of ſhort laths jan men- 
toned (5 7.) the better. : 

What follows, as far as & 1 3.is common to the methos 
of ſingle as well as to that of double under-flooring. 

{ 9. Common coarſe lime and hair (ſuch as generally 
ſerves for the pricking-up-coat in plaſtering) may be 
uſed for all the purpoſes before or hereafter mentioned; 


but 


but it is confi derably cheaper, and even mudli better, 


_— — PS 
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all theſe caſes, to make uſe of hay iniſtead of bar, . 
to prevent the plaſter-work from cracking. The hay 
ought to be chopped to about three . in e bu 
no ſhorter. DT 


One meaſ ure of common rough ſand, two nia of 


ſlacked lime, and three meaſures (but not leſs) of chopped 


hay, will prove, 1n general, a very good proportion, when 


: ufficiently beat up together in the manner of common 
mortar. The hay muſt be well dragged i in this kind of 
rough plaſter, and well intermixed with it; but the hay 

| ought never to be put in, till the two other ingredient 
are well beat up together with water. | 


This rough plaſter ought never to be made thin for 


any of the work mentioned i in this paper. The ſtiffer i it 
3s the better, provided it be not too dry to be e ſpread pro- 
perly upon the laths. 


If the flooring boards are required to be laid ver 


ſoon, a fourth or a fifth part of Quick © lime in powder 
very well mixed with this rough plaſter Juſt before it is 
uſed, will cauſe it to dry very |" 


(a) I have * this me thod in e work with great advantage. 
In three weeks this rough plaſter grows perfectly dry. The rough plaſter, s 
made, may be applied at 4. times of the year with the greateſt ſucceſs. h 
_ eaſieſt method, by much, of reducing the quick lime to powder is, by droppicg 
a ſmall quantity of water on the lime- ſtone, a little w ile before the powder 
intended to be uſed: the lime will fill retain a very ſufficient degree of heat. 


9810. 


— 


ae 
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14 to: When the rough plaſter-work between the joiſts 
2 got thoroughly dry, it ought to be obſerved, whether 
or not, there be any ſmall cracks in it, particularly next 
tothe joiſts. If there are any, they ought to be waſhed 
over with a bruſh, wet with ortar-waſb, which will 
effectually cloſe them; but there will never be any 
cracks at all, if the chopped hay and the quick lime be — : 


perl made uſe of. 
C11. The mortar-waſh I make uſe of j 18 merely this. 


About two meaſures of quick lime, and one meaſure of 
common ſand, ſhould be put into a pail, and ſhould be 
well ſtirred up with water, till the water grows very 
thick, ſo as to be almoſt of the confiſtency of a thin jelly. 
This waſh, when uſed, will grow dry | in a few minutes. 
g 12. Before the flooring boards are laid, a ſmall | 


quantity of very dry common ſand ſhould be ſtrewed | 
over the rough plaſter-work, but not over the tops of 


the joiſts. The ſand ſhould be ſtruck ſmooth with an 


hollow rule, which ought to be about the length of the 
diſtance from joiſt to joiſt, and of about one eighth of an 
inch curvature; which rule, paſſing over the ſand, in | 
the ſame direction with the joiſts, will cauſe the ſand to 
lay rather rounding i in the middleof the interval between 
each pair of joiſts. 
nt flooring boards may then be laid and faſtened 
down in the uſual manner; but very particular attention 
Yor. LEVEL. - FY muſt 


— e — — ates. 4 
* + 


ce ETA 
-- 2 . : 


5 above mentioned rough plaſter ought to be ſpread be- 
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muſt be paid to the rough plaſter · work and to the ſand 
being moſt perfectly dry before the boards are laid, for 
fear of the dry-ro7; of which however there is no kind 
of danger, when this precaution is made uſe of. : 
§ t3. The method of under-flooring I have alſo ap- 
plied, with the utmoſt ſucceſs, to a wooden ſtair-caſe. It 
is made to follow the ſhape of the ſteps, but no ſand is 


890 


| had upon the rough plaſter-work i in this caſe. 


$ 14. The method of extra-lathing may be applied to 


cieling joiſts, to flopin g roofs, and to wooden partitions, 
It is ſimply this: 


As the laths are going to be nailed on, ſome of the 


tween theſe laths and the joiſts (or ocher timbers) againſt 
which theſe laths are to be nailed. 9 he laths ought to 
be nailed very cloſe to each other. 


when either of the ends of any of the laths laps over 


other laths, it ought to be attended to, that theſe ends be 
| bedded ſound in ſome af the ſame kind of rough plaſter, 


This attention is equally neceflary for the ſecond layer 


of laths hereafter mentioned (8 15 9 


$ 15. This firſt layer of laths ought to be — 


with a pretty thick coat of the ſame rough plaſter ſpoken 


of above (5 9.) . A ſecond layer of laths ought then to 


be nailed on, each lath being, as it is put on, well ſqueezed 


re: 
to 
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ad bedded ſound into the ſoft rough plafter. For this 
feaſon; no more of this firſt coat of rough plaſter ought 
w be laid on at a time than what can be — 
followed with the ſecond layer of laths. 
he laths of this ſecond layer ought to be laid a#cloſe 
to each other as they can be, to allow of a proper clench 
for the rough plaſter. 

The laths of the ſecond layer may then be e 
over with a coat of the ſame kind of rough plaſter, or 1t 
may be plaſtered over in the uſual manner. | 

916. T he third method, which is that of inter- ſecur- 
mg, is very fimilar, in moſt reſpects, to that of under 
ſoring; but no ſand is afterwards to be laid upon it. 
Inter-Jecuring is applicable to the ſame parts of a build- 
ing as the method of extra- latbing juſt deſcribed; but 1 
1s not often neceſſary to be made uſe of. 
9 17. I have made a prodigious number of experi- 
ments upon every part of theſe different methods. I 
cauſed a wooden building to be conſtructed at Chevening, 
in Kent, in order to perform them in the moſt natural 
manner. The methods of extra- latbing and double 
under-flooring were the only ones made uſe of in that 
building. 


It a third layer of laths be immediately 0! on, and be e 
r third coat of rough plaſter, I then call the method treble- lathing; but this 
method of rreble-lathing can almoſt, in no caſe, be required. 


3 ene On 
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mittee of City Lands, ſeveral of the n 


| 2 the building (which room was about twenty-ſix feet 
long by fixteen wide) full of ſhavings and faggots, mixed 
with combuſtibles, and to ſet them all on fire. The heat 
was ſo intenſe, that the glaſs of the windows. was melted 
like fo much common ſealing. Wax, and run down i in 
drops, yet the flooring boards of that very room were 
not burnt through, nor was one of the ſide timbers, 
Hfloor-joilts, or cieling-joiſts, damaged i in the ſmalleſt de- 


any ill effects from it whatever, even the floor of that 


room being perfectly cool during that enormous confla- 
gration immediately underneath. 


dle) to be erected, quite cloſe to one end of the ſecured 
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„On the 26th of 'September/laſtytavil had hie hoddur 
to repeat ſomè of my experiments before tlie Nxefident 
and ſome of the Fellows of the Royal Society, the Lord 
Mayor and Aldermen of the City of London, the Com- 


and a great number of other perſo ns. 
8 18. The firſt experiment was to fill the: lower room 


gree; and the perſons who went into the room imme- 
diately over the room filled with fire, did not perceive 


8 19. I then cauſed a kind of wooden building (of ll 
fifty feet in length, and of three ſtories high in the mid- 


wooden houſe. I filled and covered this building with 
above eleven hundred large kiln faggots, and ſeveral 
loads of dry ſhavings; and I ſet this pile on fire, 

9 5 Tbs 
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| , Thecheipit:of the flame was no lefthan eighty-ſeven 
ret perpemdicular from the ground, and the graſs upon 
A bank, at a hundred and fifty feet from the fire, was all 
corched; yet be ſecured wooden building, quite conti 
quads to this vnſt Heap of fire, was not at all damaged, 
except ſome parts of the outer coat of plaſter-work. | 
This experiment was intended to repreſent a wooden 
wyn on fire, and to ſhew how effectually even a wooden 
building, if ſecured according, to my new method, would 
flop the progreſs of the flames on that fide, without any 
diſtance from fire-engines, &Cc. | 
920. The laſt experiment! I made that ow. was the a at- 
tempting! to burn a wooden ſtair-caſe, ſecured according 55 
tomy ſimple method of under-fivoring. The under ſide 
of the Rair-caſe was extra-lathed. Several very large 
kiln faggots were laid, and kindled, under the ftair-caſe, 
wund the ſtairs and upon the ſteps; this wooden ſtair- 
caſe notwithſtanding reſiſted, as if it had been of fire- | 
ſtone, all the attempts that were made to conſume it. 
have ſince made five other ſtill ſtronger fires upon 
this fame ſtair-caſe, without havin g repaired it, having, 
moreover, filled the ſmall place i in which this ſtair-caſe 
i entirely with ſhavings and large faggots; but the 


ſtair-caſe is, however, ſtill ſtandin g, and is but little 
damaged. 


821. 
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8 21. In moſt houſes it is neceſſary only to ſecure the 
floors: and that according to the method of ing 
under- ooring deſcribed above, i in 2, 3, 4, arid 5. The 
extra-expence of it (all materials included) is only about 
nine pence per ſquare yard, unleſs there ſhould be parti. 
cular difficulties attending the execution, in Which caſe 
it will vary a little. When quick lime i i8 made uſe of, 
the expence is a trifle more. 

The extra- expence of the method of extra-lathing is 
no more than ſix pence fer ſquare yard for the timber 
ſide-walls and partitions; - but for the cieling about nine 

| pence per ſquare yard. No extra-lathing | is \neceffary i in 


the generality of houſes. 


Y 22. I purpoſe giving to the world, before It 1s very 
long, a detailed account of many other experiments [ 
have made upon this ſubject, and of the various adyan- 
tages ariſing from my method, with ſeveral particular 

relative to the different parts of each of the methods 

: above deſcribed, and relative to their joint or ſeparate 
application to different kinds of buildings, and to the 

different conſtituent parts of an houſe; to which I ſhall 
add a full explanation of the principles upon which they 
are founded, and the reaſons for their certain and ſur- 
prizing facceſs. * In the mean time T have taken the 
liberty of troubling the Society with this ſhort account. 


I 
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1 4 | Method 1 of 0 „ the Help of. Sis 8 New- 


ton's binomial Theorem, a near . of the * Aoruly- 


* 
converging infinite Series * 1 ＋ = + - * Kc. auben 
# is very nearly equal 10 1. By Francis Maſetes, Eq. 


F. R. S. Curfitor Baron of the Ex * Here 


Read July 9, 1778. 
ARTICLE I. 


F the capita] letters A, B, c, Db, E, &c. be put for the 

numeral co-efficients of the powers of x in the ſaid 
ſeries, ſo that A ſhall =, n=, o = D=p 1 E=53 
and ſo on, we ſhall have B A* A, C=5 x By D= 2 x c, 


pr = 


p=2 x D, &c. and the ſeries x + + 13 tz + FAC \ will 


be =x +Zaxx+4Bx* +3 ont +2 ze {nat rt lea. 


&c.; in which . Pl fractions 2 3 ÞÞÞ 7D &c. 
which generate the co-efficients of the powers of x in 
the ſeveral terms after the firſt term x, are derived from 
each other by the continual addition of I to both their 


numerators and their denominators. - 
= 2. This 
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2. This obſervation ſuggeſts to us a method of fi 
a near value of the ſum of this ſeries by the help of gi 
TSAAC NEWTON'S binomial „ — which may be ex. 
plained as follows. 


If m and u repreſent any two whole numbers, the re 
ci iprocal of the =th power of the binomial quantity 1-4 


or, accordin 8 to sir ISAAC NEWTON'S notation of powers 


the quantity 1 = „ „will;; accordin g to that celebrated 
theorem, be equal t to the infinite ſeries 


I + = xx 


— x XX+=2 | 22 * . 
| 
124.2 
1 21 Fr phe 
„„ 1 i 0: 
m — 3 25 
| + ** 5 
or 117 A* xx += In — Cx 2 =D hs 
6 2 22 
* 


and the eiae of x, xx, x3, wy „ nf; m x, Ke 


3 
* 


. 5 


"Y 
X 


6 j 
* 
* 
=» 


ke. 


* - 
_ 7 - -. 
* + 5 


H * + dec. ; ; in which ſeries 


EEC oe ea 1 „„ 2 R 
Now it is evident, that the generating fractions 27 


mt 20, m+3n, m+4n, m5", . 1 4.62, "77, Kc. are de- 
3 42 r ba Tm 5 


rived from 2 and from each other by the continua 


addition of u to both their numerators and denomi- 
nators. Therefore, though they are greater than the 


would be if m was ſubtracted from the numeral” 
of 


de Seer. . 
. 3 
b! "2 nr 19 8 4 ö 


* $ I, Tf * 1 4 
a 
of ch of ther, that is, an the fractions , 2 2 2, 
125 * 3˙ 485 


275 py dec. and and conſequently, than the fractions 1 P, 


} 


65 


2 33 


95 55 75 Þ &c. which are reſpeRtively equal to "SB, 


2 5 n 6 n [LESSEN * 1 A} ©8445 1. * A 
£ og = 75 5 8 dec. Yet, the further we go in the ſeries, 


111 (} 


the leſs is the pr oportion in which they exceed the latter 
actions; inforquch that, if we go far enough in the 


ſeries, we may find terms in it whoſe eu to the 


correſponding terms in the ſeries 2, 55 7, 5 85 * Nc. 


mall approach as near as we pleaſe to a proportion of 
equality. And, by taking n of a very great magnitude 


in compariſon of m, we may even make the firſt terms 


nn 222, 2 a, 24.45, 24.8, 12.65 , by 
| of the ſeries =" 35 ” OG 57 a ls | - Fo. . ST 


ke. approach very nearly to an equality W ith the cor- 


reſponding terms of the ſeries 2, *,2, 4, 4, 5,7 &c. which 
are the generating fractions of the proposed ſeries 


xx 3 * PL * * xs 


* 1 5 ++ 5 7 + 1 * Nc. In order to this, 


let n be taken = = I, and u 1,000 ,000,000, 000, that i is, 
a billion, or the ſquare of a million, which, to avoid 5 
the frequent repetition of ſo nnr N we will call b. 


1 8 1 


1 i | 
Then will 5 e, or IA „or —-,be 


1 
142 


5 
1+ 
p r 


— 1 +> AX+ r 55 Cx 3 5 
I 1465 
D F + r lh 


Vo IL. LXVIII. £T the 


+7 +9 * + Kc. which, on account of 


the great magnitulle of 25 a6 36, 45, 56, d ede 


compariſon of I, will be almoſt equal to (thongh ſome⸗ 


| L 25 3b 4 
what greater than) I + AR ＋ 2 Tra” = Cx + DK“ gin 


36 
55 1 
7e r- + 15 * n + Sec. or W 30. 


3b. +3 r* +5 Fa +56%" +1 Hoa + &c. or I+; 12 


1 
EK range 3 Xx Ax 7 * 1 . e. 


or 14 


S* IHE A un * + Kc. or 145 71 3 


1 1 1 5 


* i +> 5 87 75 53 c. Ea multiplying 


both ſides by b, we ſhall have b * 


nearly e 
1 —xl— 
4 * 1 ih 725 | * | fab ai f 6 
1 ˙ 443 574 * +8cc.; and, tra ing ö from 
4 


both _ ooh AE I 5 + © + F+&ccnearly 


5 
—b; that | is, the propoſed ſerie 


=bx 


155 =bx | 


1—al 3 
* = + HI 7 *7 + &c. will be nearly equal to 
I We muſt therefore firſt ſubtract x from 


Wo and then divide 1 by the remainder, which will give 


And, having found 
this quotient, we muſt extend its Ith, or 
, ooo, ooo, ooo, oooth, root, and multiply the ſaid root 
by b, or 1, 000, Oo, ooo, ooo; and, laſtly, from the pro- 
we mut ſubtract 6, or 1, ooo, ooo, ooo, oo: and 

** 


us a quotient equal to — 


infinite Serves x U . _ = ede. 899 
| che vein ainde® thereby dbicined n be nearly equab to 


N ee 11 2 + LEHTHEDS HE; + 


«X45 £7? ; 7 14 Fe « . 
8 * : : 0 1 a - . 4 * 1 1 * 
. 1. 5 4 vw 4 : 2 7 i 4 | x Wa % 7 f 12 Y : 2 
* * 3 * - — — # T4 #. 4. 
22 . , ; P C.- 


— 


4 example of the WN 1 method of fummin ** the Ji 
2” infinite ſeries. 
8. As 2 an example of this _ of findin 8 the value 


8 


of the ſeries £2 7 1 7 4 4 &c. let us 5 ſup- 


3 
e n e R 


5 


-= 10. 


Then we ſhall have 11 21 3225 
Now, ſince the logarithm of 10 in BRIGGs's Sette of loga- 
rithms is 1, the logarithm . of the r, ooo, ooo, ooo, oo oth 
root of 10 muſt be the 1,000,000,000,000th part of 1, 
or muſt be = ö .000,000,000,001, This Jagarithm 1s 
too ſmall to be found in the common tables of loga- 
nithms, which go only to ſeven places of figures; and 
therefore the number correſponding to it, that 1s, . the 
1,000, 000 ,000,000th root of IO, cannot be found by 
the help of thoſe tables; but it may be found in the 
manner following. The 1,000,000,000, oooth root of 
lo is a number that is ſomewhat, and but a very little, 
greater than 1. That number, therefore, and 1 will repre- 
ſent two ordinates to the axis, or aſy mptote, of a logarith- 
mick curve that are very nearly contiguous to each other: 
Yhence it follows, that the ſub- tangent of the curve will 

8 1 2 55 bear 
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bear ver) nearly the ſame proportion to the leſſer ordinate 
I, as the abſciſs of the axis intercepted between the took: 

dinates, that i is, a8 the logarithm of the ratio of the greater 
ordinate to the leſſer, or the log garithm. ooo, ooo, ooo, ol 
bears to the difference of the faid orflinates. Say there- 
fore, as . 434, 294, 48 1, (which, i is the ſub-tangent of 
the logarithnick | curve, in BRIGGs's Syſtem o of Lega. 
rithms) is to 1 (or the leer of the two ordinates) ſo is 
"Do ooo, ooo, O01 to a fourth number, which will be 
ooo, ooo, ooo oon, 302, 685, 093; and this fourth 
number will be the exceſs of the greater of the ſaid 
two ordinates above the leſſer, or of the billionth root 
of 10 above N Therefore the billionth root of 10 
will be = 1£.000,000, 000,002,302,585,0933 ; Which, 
being multiplied by I, ooo, ooo, ooo, ooo, will be = 
1,000, ooo, ooo, oog. 302 585, 93; from which if 
we ſubtract , ooo, ooo, ooo, ooo, the remainder will be 


2. 302, 85,93. Therefore 2. Zons ogg is nearly 


„ „ fx 
equal to the infinite ſeries x + * ++ 777 5 1717 


+ &c. when x is = 8 Q. E. I. 
+4 This number 2.302, 58 5,09 3 gives the value of 


. 


| x* 
the ſeries x + — + T* = + SC. exact to nine places 


of figures, _ error being only in the roth figure 3 
which ought to be a 2 inſtead of a 3, the more accurate 
value of that ſeries (which 1s equal to the logarithm of 


4 


infinite Series 1 = + - » * a = 2 Kc. 


got - 
te ratio of 1 to 1 L* in NAPIER” 8 Syſtem of Logarithms, 

that is, in the nen example, to the logarithm of the 
tio of T to, or of 10 to x, or to NAPIER 8 logarithm 
of 10) being 2.302,585,092,994,04 _ 8 

5. believe that ſimilar applications of the binomial 
theorem may be made for the ſummation of other flowly- 
converging infinite ſerieſes, whenever the generating 
fractions (by the multiplication of which the numeral 
co-efficients of the terms of ſuch ſerieſes are produced. 
from each other) are formed by the addition of a given | 
number to both their numerators and denominators. In 
our endeavours, therefore, to ſum ſuch ſerieſes it will be 
proper to attend to the law of the ſaid generating frac-- 
tions. 
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XI. n. : 4 Method of extending C anden, 8 Rule fo reſvin 
3 one Caſe of a Cubicł Equation 67 this: Form, * * g 
Sr, #0 the other Caſe of the ſame Equation; which/i 
is not naturally fitted to ſolve, and'which is therefore of. 
ien called the irreducible Caſe. By Francis Maſeres, 
Eig. F. R. S. Curjitor Baron of the Exchequer, 
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| Read July g, un 
[ EL 
[ T is well known to all perſons converſant with alge 
| | I bra, that CARDAN? 8 rule for reſolving the cubick e- 
| quation * = is only fitted to reſolve 1 it when © TY 18 & 
| | | qual to, or greater than, 2 > or when r is equal to, or 
| | 1 greater than, R 1 9. and th at it is of no uſe i in the reſolu· 
| | j tion of the other caſe of this equation, in which 7 is of 
| any magnitude leſs than 2 27 For in this caſe — -7 be- 


| comes (according to the uſual language of Agebraiſt) a 


negative quantity, and conſequently its ſquare-root be- 
TI comes 


2 
— 


Ertenſon of Cardan's Rule, cc. gog 
mes impoſſible, and the expreſſion given by caxDAx's 


n — the vous * x Na is N N 


wolves in ĩt _ lene quantity 9 — = „ and there- 


fore is unintelligible and uſeleſs: or, mating to what 
appears to me-a more correct way of ſpeaking (who ne- 
er could form any idea of a negative quantity, and ne- 
ver underſtand by the ſign - = any thing more than the 
—— of a lefler quantity from a greater), the quan- 


tity = 3 — becomes itſelf f impoſſible, or the ſuppoſition : 


that is | greater than © 55 (which is one of the founda- 


tions 5 CARDAN'S rate), is no longer true, and conſe- 
quently the rute itſelf, which 1s built on it, can no 


longer take place. + 
2. Nevertheleſs it is poſſible, by the help of Sir ISAAC 


NEWTON'S binomial theorem, to extend this rule to this 


latter caſe, in which — Is leſs than 75 and which it is not 


of itſelf fitted to * or, to ſpeak with more accu- 
ncy, it is poſſible to derive from the expreſſion of the 
value of x given by CARDAN'S rule for the reſolution of 


the equation x*—qx=7 in the firſt caſe, in which = 
Ds ———— 


Extenſion of Cardan's Rule to" b, 


904 
greater than © vr another expreſſion fOrnevhet differen 


from the former, that ſhall exhibit the _ value of xl 
in the ſecond caſe, in which — — is leſs than 2. Y Providedi 4 
be not leſs than >, or = : wa this * any men- p 
tion of either impoſlible, or negative, quantities. To th 
ſhew how this may be effected, is the deſign of the fol- 10 
lowing Pages. We 
3. That the whole of this matter may be ſeen at one n 
view, it will be convenient to ſet forth the foundation cr 
and inveſtigation of CARDAN' J rule for reſolving the - WM > 
quation * = 7 when 75 is greater than ! LJ which m: tin 
be done as follows. |: 
Inc 
7 be Inveſtigation <6 Cardan- 8 Rule for reſeving the Cul 1 
Equation x qu r, when © Tis greater than !. th 
| : (Cl 
S Previouſly to the inveſtigation of this rule, it will C0 
be proper to make the following obſervations. PO 
Ons, I. In the equation * — J (which i is a propo- i 2 
ſition affirming that x3 is greater than ax, and that the 8! 

_ excels is equal to 7) xx muſt always be greater than il 
and x than * 9. 00 


OBS 


Second Caſe of the Cubick Equation x*-qx=r. 90 
Ons. 2. While x increaſes from Vq ad infinitum, *. 
wil increaſe continually from ad infinitum, and q 
will increaſe continually from the ſame quantity avq ad 
infinitum. = 
Os. 3. Alſo, while x increaſes from g * infinitum, 
the exceſs of x* above gx will increaſe continually from 
nothing ad infinitum, without ever decreaſing. For, = 
we put x to denote the increment which x receives in 
any given time, either ſmall or great, qx will be the i in- 
cement which q will receive in the ſame time, and 
3 + Z +x* will be the increment of * in the ſame 
time. Now, ſince xx is always greater than 9 during 
the whole increaſe of x from being equal to V ad inf- 
nitum, XX x N will be greater than gx during that whole 

Increaſe, Therefore, a  fortiori, 3* & ＋ J +07 (which 
o more than triple of xxx) will be greater than ax 3 
that is, the increment of x? will be greater than the con- 
temporary increment of qx during all the increaſe of 4. 
Conſequently the exceſs of * above gx, or the com- 
pound quantity x3*—gqx, will continually increaſe, with. 
out ever decreaſing, while x increaſes from A 7 to any 
greater magnitude. TE 
OBS. 4. Since the compound quantity x3—qx increaſes _ 
continually at the ſame time as increaſes; and, when 
VoL. LXVIII. 8 U —$-38- 
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3 ” 
9 * 
5 
1 


& is leſs than - 4, t the ſaid compound quantity Will be 
leſs than — 2; and, converſo, if the compound quan- 


| tity x*—qx, or, its. equal, the abſolute term 75, 18 


er than 2. and, if — is leſs than n x will be leſs than 


5 


than 2 - and conſequently (by the laſt obſervation) * 18. 


906 Extenſion of Cardan's Rule to the 

2Vq — vg _ 294 _ $9vg_bown, _ 

3 39/3 v3 393 395317 
2 9½ 


55 it follows that, if v is greater than - 55 the com- 


pound quantity x*—qx will be greater than TER, and, if 


x is equal to 2 


than 22 oe 


39 the value of x will be greater than 25 J; and, 


if x3 — 9%, or 7, is leſs t "an , the value «; * ede 
leſs than wy, or if — is greater than? 25 x will be great- 
of 27 


27 


* 
24 IT. or” 


Oss. When r 18 eater than 
5. Sf 3 7% 4 


4 8 greater 


9 41 
greater than 2% e will be greater than © * and = _ = will | 
be greater than £ 3 But © — 7 is the ſquare of —. | There- 


fore when 7 is greater FRA 227, or a ” is greater than 15 


the ſquare of half will be greater IO T* But (by 


LUCLID'S Elements, Book II. Prop. V. ) it is always poſ⸗ 
ſable to divide a line. as x, into two unequal parts in ſuch 
a pro- 


Second Caſe of the Cubic Equation x*—qgx=r, 907 
2 proportion that the rectangle under its parts ſhall be e- 
qual to any quantity that is leſs than the ſquare of its 


half. Therefore, when 7 is greater than _ or - is 


greater than 2 5 it is poſſible to divide the line, or root, x 


into two uche parts of ſuch magnitudes that their 
ectangle, or product, ſhall be equal to £ * This obſer- 


vation is the foundation of ARD AN's rule for the reſolu- 
tion of the equation * -v Y in the firſt caſe of that e- 


22 > 
quation, or when r is greater than CI» or” "is greater 


than £ x the inveſtigation of which is 1 


PROBLEM. 
5. To ehe tbe Equation * K - r, ber r is greater 


27 * 
than 13 


or 2 15 greater than * 55 - 


SOLUTION. 


as 
$943” 


ſequently (by Obſ. 5 g= — is greater than £ *y it 18 poſſible 


Since 7 18 ſuppoſed to be greater than - 


for x to be divided into hd unequal parts of ſuch mMag- 
' nitudes that their rectangle, or product, ſhall be equal | 


to? 7 Let it be conceived to be ſo divided; and let the 


eV's greater 


1 and con- 5 


Extenſion of Cardan's Rule to the 
greater of the two n be called a, and the leffer 3 
Then will ab be = 9 


and zab x [a+b will be = -qxa+b. 


908 


Z, and conſequently 3ab will es I 


Now, ſince @+6 is equal to x, we ſhall have 4. gag 


+ 3abb + 6* = x, and qx a+b=qx. Therefore x —qx 


— — 


0 * a+6=0" gabe a+b+ 


þ3 —q* a+b; that i is (becauſe 3ab x a+bis = q 42 T0) 44 — 
gx will be =a* . Therefore r (which 1 is = = x) 
- will be = : a3 +03, N 


will be = 0 + 3aab + 3abb r — 


: 
Tee 4 i = * a and r (which is=0'+ 


274 = e 278” - 
b3) is =O+ = Therefore ra is = a+ and ra- d is 
| = — 
"op 


But r- — &* is ; the product of the multiplication of 
r—a into @, which are together equal to r. Therefore 
(by El. II. 5.) rad. muſt be leſs than the ſquare of half 


7 that! is, than © 75 and conſequentiy may be ſubtracted 


from it. Let it, and its equal 2, E, be ſo ſubtracted. And 


we ſhall have rau = — 4 


root of —— ras - + a* wail be equal to * 2 — — = But the 


— of — ——=76" + a is the 8 of RA - and &, 


that 


But, ſince 30 is 29, we hall have b=L, and B. 


TP herefore the f quare- 


Second Cuſe of dhe Cubick Equation x*— - r. 9og | 
that is, either ——a or a*——, according as — — Or 4 is the 


greater quantity. But it has appeared vat that a® and 


An ama as ah to 7; and a 18 ſuppoſed to be greater | 
han ö, and conſequently a? is greater than 23. There- 


fore a muſt be greater, and 63 leſs, than - . Therefore 


— is the difference of a and - 5 and —— is 


the * of the quantity re. + a” Therefore 


= 
7 e 2 


7 
er 4 is 4 > . ButShas been ſhewn to ” 
* Wine — 


lya+0, or x, is u= 650 3 oY —_ 2 =" 
« VE CNN 
0. E. I. 


5 This expreſſion may be rendered more e ſimple by 
fbſituting the ſingle letter 5 in it inſtead of WE 1 5 wed 


For then | it will oy [E+5+ — — 
3N | 


7 and conſequent- 


Intbetick Demonſtration of the Truth of the foregoing 
Solution. 


7. That this expreſſion is equal to x in the equation 
I -- * — 


un 


910 Ex ienſon f Cardan's Rule tu thy ... 


x*—gx = will appear by ſubſtituting it inſtead of x in 
the compound quantity æ , which will thereby be 
ſeen to be equal to 7, as it ought to be. 

This may be done i in the manner following. 


since x BV 3 — or. 
* K 


EE 2 2 , 20 
9 x i us od Bi 4 


PRIN BIEN and ax = =4q * Ped 


27r 7 


—+275 pi. ” 


Gn 
* 
8 
2 
. 
© 
— 
2 


quentiy * e +8+- — 2774 — = . 


3 
LF 2  ajr+g4 


9 


Now , „ "a or, if we put 
4 SY" 208 30x3 33 


nim 27 r- 40%, we ſhall have , or 7 n 


3 27 3 29 r 4 
42 855 Therefore 55 rum Ran axri en 


8 „ 
3 12% 243X907 .f 3 
2 — —. — = 
8 8 nn dee e. - 
27/3xr+gm G6xX27X3r+6X9Xx 3 xXm Ter 54r+64/3 Xx m 
33x rm 27r—47 +447 3 / N Mm Vz rn Torr. 24 
5 — =* 55 and 
54r +$64/3xm " £1r+64/3Xxm 187 +24/3Xm? 323 


tall 


Second Caſe of the Cubick Equation x T. 911 


. is =< + Yaxmior _ 18/rp243xmt2v3xmdivrr __ 
f ng i8&r+24/3xm 367 +4v/3xm 


ad Zr. But we have before ſhewn that * 4 8 
5 


275 
be. a = Therefore & - is , and conſequent- 


I. is the true value of x in the cu- 


2 


dick equation x*=qx=r. Q. E. D. 


fo of oer Expr eſfo ans for tbe Root tf the foregoing E- 
quation. 


8. Two other expreſſions may be found for the root 
of this equation by reſuming the inveſtigation con- 
ained in Art. 8˙ The firſt of theſe expreſſions is 


A W ob 4 —= Or af we put 6, as 


Log 


EET 


FE 1-5, Theſe expreſſions are to be found i in the fol- 


bwing g manner. 
Inveſtigation of the ſaid Expreſſions: | 


9. In Art. 5. we ſuppoſed the line x to be divided in- 
g 1 | — . | = 


a + : 2 
3 N — 
2 wn - * . "IE + o 9 8 by * . 
. :, 1 ” - * — 4. * oO. * 
» F _ * n x : . F HORS” «2 2 DO It — 2 22 5 % - 
| ; Pee, Py "5 M4 ed San Tet NET IO a So 0 IST > - on 0 32 2 1 V _ 


am, * wt 23 


determine the value of the leſſer part 5, and then derive 
from it that of the greater part a; which would produce 


and 3ab is = 75 and conſequently ais , and a“ to L, 
2M follows that v will be be. Therefore 747 i is= . 4% 
and (cubtracting 56 from both fides) 2 4 is 7 here. 
fore (ſubtraQtin g both ſides from z * , than which 1 are 


evidently leſs), we Mall have ee — — £, There- 


of @ +03, or 7, and conſequently i 18 leſs than the half of 


it, or —) it is = = Ti 25. Therefore - —— 551 18 = V2 z £ 


Extenſion of Capdan's Rule to the 
to two unequal parts a and 0, of which a was fuppoſcd 
to be the greater; and we firſt found the value of the 
greater part a, and then determined that of the lefler 
part & from Its relation to a, which 1s expreſſed by the 
equation 3b g. But we may with the fame caſe fir} 


912 


the firſt of the two expreſſions of the value of x men- 
tioned | in the lat article. This may be done as follows, 
Since it has been ſhewn in Art. 5. that is =G+Þ, 


5 Tl 


*7 


4 


fore the {quare-root of ” N = - 743 + 9⁵ will be = = A 4 3 


But the ſquare- root of rb. 70 is the difference of the 


quantities — and 65, ts is (becauſe Þ is the lefſer pan 


Therefore ** b3 to both nes) - ＋ Will be = 95 ö 
— 


Second Caſe of the Cubick Equation & -g r. 91 3 


A= and — 8 ve 5 from boch ſides) ; 


wg Yor Therefore b is = I- 
and a ( = and conſequently b+a 
ey ten 


Sntbetick demonſtration of tbe truth of the forequing ex- 
Prelion. ” 


10. Here again we may demonſtrate ſyn thetically, 
that this expreſſion i is equal to the true value of x in the 
ropoſed equation x* — qx = r, by ſubſtituting it for x in 
the left-hand fide of that equation. For, if we make 
that ſubſtitution, we ſhall find that the value of x* — gx 

thence arifing will be equal tor. This may be done i in 
the manner following. 


Vor. LXVIII. 


914 Extenf on of Cardan's Rule 10 the 


3 
— i 8 — — 74 = ot + + * 
gx] 27 xs 111 It 


4 | r 1 — 
3x| * 


27 * 4 


quently x la 


2 2 


2 — 6 W if we Put mm= 27rr— 449, we ſhall 


have H= = and s = wo. Therefore — is = 
36 * 3 TH 277 54. 


1 Ay T N 205 RE RO V3x9 .- ne/qxe_ 
|; 2 _ 54m © Bx27% V3Xr— 5am © | 6X27% VN =S = 
277 6 1 

m e e nt 
* ore — = "2 693 21x /3xr=0n 2 
— 27 V3 x mm + gm + 36 _ 7 — 3/3 x mm + mm +47 _ 7 
3 6 * 27 * zr 5 4 V en ** 54 n . 7 
5 =} a 3Xrm + 2714 + 47” 1 — 3% zurn + 2777 __ A 3Xrm—Cy/ n + fur 
54 6 : 8 547 —6 v 3Xm TY 108r — 12 M3xm _ irs 


123 But it has been before ſhewn that 


— S. 


15 3 1 Sy 
- £7 Therefore * = ax 18 =7; and 
18 the true value of x in the cubick 
3 th: 
equation x*—qx=r. Q. E. D). ; eq 
| na 


Inve/i1gaiun gg. 


Second Caſe of the Cubick Equation — r. 91 5 


Ince/tigation of the third * 01 - of the value 4 tbe 
To x. | 


11. The third expreſſion for the value of *, or the 


laſt of the two mentioned] in Art. 8. to vita 5 Wi 


WEAES N +5] + ET may be obtained 


s fellows. 
Since 42 ＋ 651 is , it follows that 43 will be == 8", 


| 27 
- \ = and a+b, or 


I a or (putting 5, 


Intbetic demonfrration of the truth 0 of the [aid third. ex- 
55 re on. 


16, Here again we may demonſtrate ſynthetically, 
that this expreſſion is equal to the true value of x in the 
equation x3 — qx = 7, by ſubſtituting it for x in the left- 
hand fide of the ſaid equation. For, if we make that 
lubſtitution, we ſhall find that the value of x* g, 

- = thence 


| 
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916 Extenſſon of Cardan's Rule to be 
thence ariſing, will be equal to r. | This may be done 
in the following manner. W arr. 


| fhall have x*= S+5+ 3x [Lax s- 


$8 e — eee e 5 


35 * — 1 +5] 


of * in the cubick ne: * — 3 | 


ſtitutions, or ſynthetical demonſtrations of the truth of 


— 


It * iN *. N 5 411 "ML 


2 f, we 


e. X s x LY X- 1274 


2 


E.Y 
25 rag 


+ sf + q * And ax will: be = =q 158 2 - qx 


13. N.B. I do not remember to have ſeen theſe ſub- 


the expreſſions given by CARDAN's rule, in any book of 
— 


14. 4 


Second Cafe of tbe Cubick Equation x*-qx=r. 917 


- an Example of the Reſolution of a Cubick Equation 
of the aforeſaid Form, x q = fo by means of each of 
the three foregoin g Expreſſions... | 


L will here inſert a ſingle example. of a numeral equa- 
tion of the foreggin g form, x*—qx=7r, reſolved by each: 
ok the three expreſſions-above-mentioned, in order to 
ew that they will all three *. out the ſame number 
for. its root. 2 

Let ĩt elde be required to find the value of æ in 
the cubick equation. æ - 3x=18.. 


15. In this equation ꝙ is = 3, andris=18. There-- 


vg 2 * 3 
d 12 7 is =2 | A, 
3V3 343 


ly leſs. than 1 8, ar". Therefore this equation comes 
under the above - mentioned rule, and may be reſolved 
* either of the . 8 expreſſions Y 


fore V9 is ,, an =3, which i is great 


blen of the avon & - 23x=18 5 the fel of the- 
Said expreſions. 5 


4 * The firſt of thoſe 8 is N 2 


| i 
2 = = in which 5 ſtands for // 5. 
n 5 


Now. 


erer reer art 


— 7 hn Be lA 
F 
1. 


*. ad x 88 
* > ea „ 


— "= s —_— - 
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going expreſſions, to wat, \ [<+s s + 


Extenſion of C ardan's Rule to the 


Nov, ſince 7 * =) L will be = 3=T, and conſequent. 


y A or the cube of 5 will alſo be = 1. And, ſince x 
IS=T 


8, we ſhall have q, and 7 281, and conſequent- 


ly - — — 5=81— 1=80; that i is, SS wil be = =80. There. 
| Rice = Bo = VN. V; and—+5 is =94 


ERS = LT 


wan n 


Y and conſequently 


. ne, Therefore on r =: —.— 
2 2 1 5 and o/ [Era 
* 5 7 


DD 


— 

OI 

P 
„ © 
[S) 
2 


b 86 _ 6x3 ESC 
23 ＋ N. — 2xf3+y/5 2X13 +vVs5. 
the value of x in the equation a Z= LS. And ſo we 


ſhall find it to be upon trial: for, if x 1s takn =3, We 


vo. 


2 23. Therefore 3 i 


ſhall have * = 27, and 3 * 35 9 and *—3 275 


9218. And thus we ſee that the firſt of the three fore- 


"OY '; 
3 [+5 


given us the true value of x in this equation. 


Reſolution 


Second Caſe of the Cubick Equation x*=qx=r. 919 


Reſolution of tbe ſame equation by the ſecond and third of 
| rhe e foregoing expreſſions 


17. we are now to reſolve the ſame equation * — 3 
218 by means of the two other expreſſions, to wit, 


Wy 5 f 8 * 5 + 75 j 


——s& 
Now, ſince r is = I8, and 5s has ban own to be 


2 R 


so, or 4V 5, we ſhall have * A s E 
ebe and [5 5 352%. Therefore 


=o5, 2 t e 8 -6v/5 8 avs. 


—  — — — — 


1 | PET 3 5 * 3 v 2X 3-VS 2 9 8 


by the firſt eren. 


aa. Al. itt. tte 


preſent caſe 25 vs + * 2 3 3. 8 by this 


= 2 


expreſſion, as well a8 by both the former, the value of 
x in the equation 15 — 3x=18 comes out. to be 3 


3 
'14 


6 - = BS Note: 


* . f : 4 * 1 N ; . 
er 2 5a N r I 44 oa - 5 "04 . . 
- 4 * 4 A — ww a 
Bo Gn ” , D 1a. N _ o » A 8 RY * 5 x n " NE. mn, © A 
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cubick equation x*—qx=r, when 7 is greater than , il x 
Dry 5 

Wo - it greater than 5 and a like method of reſolving I 
tis cubick equation x3 + qx =r (which holds good in all q 
_ caſes, whatever be the magnitudes of q and 7), are uſu- 
ally known by the name of 'carDaN's rules, becauſe 
E 


they were firſt publiſhed by him in his treatiſe of alge- 
bra, intitled, Ars magna, quam vlg Mum vocant, ſeu 
Yeoulas Algebraicas, in the year 15 45, although, as he 


Extenſion of Cardan's Rule to the 
19. Note. The foregoing method of reſolving % 


Ic 


| himſelf informs us, they were firſt found out by one F 
sci FERREUS | of Bononia. See WALLIS'S Algebra, f 
| Chap. 1 1 
of the ſecond caſe o the cubick equation * — gr; 1 : 
epbich is leſs than e of or — — is eſs ;ban 25 and which | 
cannot be reſolved by CARDAN 's rule. ih 
20. The remaining caſe of the cubick equation * in 
Jr, in which r is leſs than 25, or - is leſs than * — & 
and which conſequently cannot be reſolved by the rules Im 
5 above-mentioned, Has, upon that account, obtained a- & 
mongſt algebraiſts the name of the irreducible caſe: at Jy 
leaſt it is often called by the French writers of algebra * 
Je cas irr6dufiible. The object of the TEMAINING pages 2 


of 


. 
. 


Second Caſe of the Cubick Equation x*— QX=r. 921 
of this paper is to ſhew how, by the help of Sir Is AAc 
Tor 's famous binomial theorem, the foregoing ſo- 
lution of the other, or firſt, caſe of this equation may 
de, as it were, extended to this latter caſe, or, rather, 
may be made the means of diſcovering, by a very pecu- 
lar train of reaſoning, another ſolution, that ſhall be 
adapted to it. | 
21. By the binomial theorem it appears that the cube- 
root of the binomial quantity a+b (in which a is ſup- 
poſed to be greater 1 than 5) 1s equal to the following i in- 


8 a3h* 54155 1043 224035 


finite _ to wit, al -T — 
. 2434" 729 
4% 2619-257 1 
2 er. or to at x the infinite ſeries 1 4 
60561% 137,78 34 


+ $33 | 104+ 2265 1 26183˙ 
812 2433 13 5 r e 
434 7294 TT " 13747818 


put the capital letters A, B, C, D, E, F, G, H, &c. for the ſe- 
veral numeral coefficients, 1, 7 3 ** 254 3 


Kc. of the terms of the ſeries, reſpectively) a* x the 


2 3 | 5 6 7 
infinite ſeries 1 8 _— 8 — 


34 b ga? 126 . 


c. or (if we 


&c. in which ſeries both the numerators and the deno- 
minators of the generatin g fractions, £ Þ 5 T 799 77 1d 


kc, following the ſecond term, increaſe continually by 
3, ſo that it will be eaſy for any one to continue the ſe- 


nes to as many terms as he ſhall think proper. 
22, In like manner the cube- root of the reſidual 


Jantity 2-6 is found by the ſame binomial theorem to 
Vo L. LXVIII. 3 be 


are in this latter ſeries marked with the ſign way and mu 


* 


922 ue an of © Cardan's Raule to the 


ah 42232 n . 


be equal to the infinite ſeries a —— be 


224¹⁵³5 154478 . 2618456" 2 x 
7 5 TS cc. or to a the infinite ſeries 


. „„ 18450 261837 
5 2434 7294 


A al” <P aw rw 
aN the infinite ſeries os . = 


5614 Fi 137,791a! 5 Kc. Or 


144 = 


fa 2140 
of the ſeveral terms are the ſame as in the {cries that 
expreſſes the cube-root of a+b, but the terms which | 
involve the odd powers of 5 (which in that ſeries are 
marked with the ſign +, or all added to the firſt term,) 


cc. in which ſeries the numeral coetlicients 


all to be ſubtracted from the firſt term „ as well as the 


terms which involve the even powers of b, which are 
to be ſ ubtracted from the firſt term in both ſerieſes, 


PROBLEM. 


23. Let it nov be required 70 reſolve ibe firſt caſe of the 


cubicꝶ equation * —qx = * in which r 15 greater than 


2 
A is greater than © > by means of an infinite 


ſeries PROP from the erden, given by CARD AN'S 

_— RE 
SOLUTION. 

We have ſeen in Art. 11. that, if gc be put = . 


the value of x in this equation will be — N 8 197 


— 


Second Caſe of the Cubick Equation oped 923 


12 s, For the fake of avoiding fractions, let e be 
put = == And we ſhall have x ſe+s + i[e—s. But 


(by Art. 21 ) viſexs is =& x the infinite ſeries x + 7 
e 


4 3 220 154 261857 2 1 | 
oe F $10 2343. T 729% 656“ 15 137,78 107 & and, by 


Art. 22. ves is Sei x the infinite ſeries - 
ze gee 


Therefore Aus er 


$& 10% 226 Tk 1545 1596 _ 26180 _ &c. 


— — ——5 I —?P— 


bie 24365 79 6561e* 137,781 
V4 ſe— s 1s equal to ei x the ſum of theſe two ſerieſes, 


20 308 M * 
that is, to e x the infinite ſeries 2 = TIT &c; 


and conſequently the root of the equation æ — gx = 7 is 


25 204% 3086 5 dec. ading- 


=0 x the infinite ſeries 2 ——== —z— 
dee 7436 bed 
vitum. Q. E. = 


24. Note. This ſeries muſt always converge, becauſe 


3 


5 or — -— bs is always leſs than =» Or ee. And, when 
is 18 conſiderably leſs. than ee, or -þ 18 conſiderably 
lefs than 2 7? or 7 18 very little greater than L 7 oy” the con- 
rergency of the terms of this ſeries will be fufficient to 


make it uſeful. But in other caſes, when = is much 
greater than 2 = (as when it is triple, a or quin- 


Inple of it, or ſtill greater,) the terms of this ſeries will 
wOnverge fo ſlowly as to render it very unfit for practice. 
nd indeed in the moſt favourable caſes it will, as I be- 


eve, be leſs convenient in practice than the expreſſion 
81 2 V3 


.* 
* * , 4 
$\ 
X p 
; 
U 
8 
» * 
; £1 
* "i 
1 = 
nn 
4 2 
oy 
j þ 
x . 
' : 
2 — 
75 2 
rd 
8 3 
4 i 
* 575 
1 
A 
1 4 
=; 


terms of the ſeries are generated. . 


* * h * . Fay 
* * * * 7 bs 
2, F * 3 * 27 — =_— 5 * * A 
4 3 _ Y 7 . 0 * 
on = 4 
* - 


924 2 of Cardary s Rule to the 


V[e+s +ME, or M [Z+54 N 2 from which it 


was derived. However, that it may appear that this ſe- 


ries will exhibit the root of the equation & - r tru- 


ly, if we will take the neceſſary pains of computing it, 


I éwill here ſubjoin one example, and no more, of the 


reſolution of a cubick equation of that form by means 
of it, having taken care to chuſe ſuch numbers for g 


and r as ſhall make © — be but little greater than 5 and 
conſequently ſhall give us only a ſmall number for the 


fraction -, by the continual multiplication of which the 


An example of the reſolution 0 f a cubick equation of the 


aforeſaid form, x*—qx=r, in the fir caje of in which 


risg reater than oy 7970 or 7 is greater than 8, -» by MEANS 
of the expreſſion el the infinite feries 2 — = 3 
308 15 

Se Se. obtained i in Art. 23. 


25. Let it be required to reſolve the « equ ation x 
300 = * 2108 by means of the infinite ſeries 67 x 


d. obtained in Art. 23. by the 


help of Sir Is AAc NEWTON 8 binomial theorem. 


gee 243 855765 


Second Caſe of the Cubick Equation x*—qx=r. 928 
Therefore 2 

| 353 
, _ 2X 3 // 300 210 loo 10/3 
——— . 93 b v3 
(10=2000, which 1s leſs than 2108, or r. Therefore 
this equation comes under the caſe of DAN s rule, 


and conſequently may be reſolved by means of the infi- 
Fg 255 - " 20 + 2088 
nite ſeries e5 T X 2 gee oy 2436 5551. 


has been juſtly derived from the third expreſſion of the 
value of x given by CAKDAN s rule. 


Here 9 1s = ZOO, and r is 2 2108. 


= 2 x 100 


Kc. if that le 


26. Now, ſince r is a 2108, 25 or e, will bez 10 5, | 
0d „ or ee, will be = =T ene And, fince q is 


= = 300, 15 will be = = 100, and £ 5 or the cube of? * will 


2 
be = 1000,000;. and conſequently , or =- — = „ will 


be(= 1,1 £0,916 — — 1000,000) = =1T I 0,916. Taube, | 


110,916 | 
1,110,906 = opp. Therefore *, ＋ BS 


the fraction = _ — is = = 


= -—— -009,950, and 2 —is= 099805 = .000,99 C53. 


nad 9 5 1 - 
a Ba is = 883 x -0998 = * 023, 775 1 
8 22. — eee ; 95 


Og, 6 
Genes = e = 000,046; and conſquenty 


255 1 20 54 308 4 
gee 2430 ＋ doors 65615 


3 5 255 204? - MY . 
=.023,041; and 2 2225 =2— 023,041 


leſs than TY or the accurate value of * 3004 in 


IG , Extenſ on of Cardarvs Rule to. = 


2 1:976,959. But eis = 1054. Conſequently, ez or 
ae, is = Viiog4=10.1768. Therefore ex the ſeries 


>." 283 08  8- 2 
it gee 243% 65619 Kc. is = TO. 1768 1 976,959 the 


= 20. 119,116, Therefore the root of the equation 

W © ALOND = df 119,116. Q. E. I. 

27. This value of æ is true to five places of figures, the 
more accurate value of it being 20.119, 053 3; as will eaſily 
appear by-proſecuting it to three or four more places of 
figures by Mr. RAPHSON's method of approximation. 
 * That 20.119 is very nearly equal to, but ſome- n. 
what leſs than, the true value of & in the equation - 
x* — Z00x= 2108, will appear by ſubſtituting it inſtead 
of x in the left-hand ſide of that equation. For, if we 
take x = 2021 19, we ſhall have 38: = 404.774, 1 675 
and * 8443 65 1,345,159, and 300 * = = 6035. 700; 
and conſequently, x* — 300x = 8143.65 143453159 
—6035. 700 = 21 07.95 1534551 59, which 1s ſomewhat 


the propoſed equation x*— 300 * 2108. Therefore, 
20.119 muſt be nearly equal to, but ſomew hat leſs 
than, the accurate value of x in that equation. 

29. It appears therefore from this example, that this 


| 20 it 08.5? 
expreſſion, e; x the infinite ſeries 2— 2£ — 22, — =, 
gee 243% 65015 


— Nc. does truly exhibit the root of the equation 
4 


tq 
* 


Second Cafe of the Cubick Equation x*—qx=r. 927 
* 9 in that caſe of it which falls under ARD AN's 


rule, or in which 7 is greater than © 9 or © or — is greater 


| 
than * 


= 30. I now proceed to conſider the nenen which is 
the principal — of this paper, which is to ſhew how 


5 2 _ on 308 = 
from the ſeries e «(2 ge 2% 8 ccc. we may 


derive another Enes differing from it only in the ſigns 
of ſome of the terms, by which the equation & —qx=r. 
may be reſolved i in that other caſe of it which does not 
come under CARDAN's rule, and in which 7 is leſs than 


1, or — 7 is leſs than 275 and this without any mention 
f either impofſi ble or negative quantities. 


. R 0 B L E M. 


f reſolve, by means of an infinite faries derived from the 


FE . 25 2 20 __ 308 " Af . i; 
nfinite ſeries 2 2 : x2. 7 sr &c. zbe ſe- 


cond caſe of the cubick equation mY * r, in which TAS 
leſs than 22? 0 ＋ #s leſs an = - 
/ 373 fs th 27 


$0 LUVT1IOW 
51. We have ſeen that in the firſt cafe of the e- 
equation x- r, in which 5 is greater than 55 the pro- 
duct 


928 Extenſion of Cardan's Rule to the 
duct of e; into the ſeries 2—- — — 22S - 0. = &c. aq 


infinitum, is equal to the root x. Now there are two 
different ways of computing this ſeries, which (though 
not equally thort and convenient in ꝓractice) are never- 
: theleſs equally juſt and true: and therefore they muſt 
both produce the ſame reſult for the value of the ſeries, 
The firſt way of computing it is the common one, which 
conſiſts of the ALY proceſſes; to wit, firſt, to 


compute the quantities " 2 " and 5 „as was done in the 


foregoing example, art. 26, where 2. was found to be 
= 1,110 916, and g to be 000,000; adly, to ſubtrac 
— from Din order to get the quantity 55, which is equal 


1 their difference, and which in the foregoing example 
was 110,916; 3dly, to divide 55 by ee, ſo as to obtain 


the value of the fraction gas in the 1 example 


916 

we found the fraction Er. - to be = .0998; - 4thly, to 
1 the Powers of the value found for the fraction 
—3 As in the foregoing example we computed thoſe of 


0998, and found its ſquare to be oo, 950, and its 
cube to be 000, 992; 5thly, to multiply — * and its 


x B 
323 1 275 —  — &c. 
7 - -» &c. into the co-efficients 2 73 3 68525 


reſpectivelj 


powers 


| 


reſpectively, as in the foregoing example we multiplied 
_ into 55 and oog, 980 into Ts and .000,992 into 


855 L, and found the products to be. O22, 117, . ooo, 8 18, 


and. o 00,046; : and 6thly, to ſubtract all the products ſo 


| obtained from 2 the firſt term of the ſeries. This is 


the common and the proper way of computing the ſeries 


&c. when we want to make uſe 


of it in practice. 


Inſtead of 55 inſert the compound quantity — „ 


27 


ſelf, to which 5s is equal, in all the terms of i it And 
it will be thereby © converted into the followi ng ſeries, to 


”_ or (becauſe ee is = 7 and conſequently =; „ and 


7 | pals | 19712 7 q*13 
" „ 65617 X | 


— 


16 aw ral TE 655175 


24 3 7 * 


1 16x27 42727 r 


the Greek letters a, 857 75 &c. for the numeral co-efficients 8 
A 


3, 320, 19712, 
C9263 588 WY SD 22 
FP wy. £ * 3 8 FA By”, * 
* 26 ECAC 10 85 EET X27 X27 © 


Second Caſe of the Cubic Equation x*—qx=r. 929 


But it may alſo be computed i in ano- 
| ther manner, which may be deſcribed as as — 


4 2 1 19712 


— 6 2 9 
15 2 —— a [oe ccc. or (putting 


— —— —— —Ümͤ—äPñ — —ẽ ²·¹—y — 


* — 
e eee eee * ar 
- 9 
n RY 22. e n 3 1 _ ——— A 


- former ſeries 2= = —- eee e Kc. that, if * 


* 


baute 7 Cardan's Rule to be 
E 7 4x27r 27x27 * * e 


” 921x277 27 7 * which n MY mch 


greater number of terms than the ſeries 2 2 _ 208 
| QGee 2436 


_ Se = &c. from which it is derived, and in which 


many of the terms are much more complicated than! in 


that former ſeries. Nevertheleſs, ſince the compound 


quantity © —— 4 is equal to 55, the inſertion. of i it inſtead 


of 55 in hs terms of that former ſeries cannot alter its 


real value, though it will make it much more difficult to 
compute. It muſt therefore be true of the new and 


e e . * 


complicated ſeries 2 * 223 — 2 


ny 4 x 27rr 27x27 0 


4 ef arc tb a 3 Kc. as well as of the 


16 x 2777 | Tux 27 x27 2277 


gee 2435 65615 


multiplied : into e 75 or Ve, or N 5 the feries thereby 


produced will be equal to the value of x in the equation 


vi—qx=r, or that, if the ſaid ſeries be cubed, and alſo 


5 multiplied into 75 and from its cube the product of its 


multiplication into q be ſubtracted, the remainder will 
be equal to 7, or rather will approximate to the value of 


T1 becauſe, as the quantity ſubſtituted for x in the com- 
pound quantity x*—qx 1 18 only a — of an infinite ſeries 


1 | that 


k 
1 
7 
I 


be 


. 


Second cue of the Cubick Equation x r T. 931 
that is equal to x, it is impoſſfible that the ſaid remainder 
(which 1 is produced by that ſubſtitution) ſhould be accu- 
ntely equal to the whole value of #. 


32. By the help of this obſervation we may from the 


a 20 308 65 
foregoing ſeries * 27 > * Kc. which, be⸗ 


| ing multiplied into ep or the cube- root of - -, expreſſes 


the value of x in the equation xX*=qQx=r, in the firſt caſe 
of that equation, when 3 is greater than 75 N deduce ano- 
ther ſeries reſembling the former in the compoſition of 
its terms, but differing from it in the figns to be prefixed 
to ſome of them, that will likewiſe (if multiplied into 


e or the cube - root of 75 expreſs the value of * in the 
ſecond caſe of the ſame equation, in which 2 —is leſs than 


_ and which cannot be reſolved by CARDAN 8 rules. 


This may be done as follows. 
33. If in this ſecond caſe of the equation x =? 


we ſubtract © © from 977 and call the remainder $5 (as we 


before put 5s for the oppoſite difference 2 — -£) and then 


niſe the powers of ge, to wit, 5e, 5, 5, 4, and alſo 


4 


* 
the correſpondent powers of its value 2 45 to wit, 


r 1 — 1 &c.- the even 


5 Z 2 Tres powers 


a 


17 
A 
* 
wa 
7 * 
5 

J. 
- 

: 
4 

= 

x 

* 


N. D K = ip 
4 Rei 2 N N W nr +44 - : 


fixed to them, as were contained in the ſquare of = 7 0 — 25 


74 
treme terms —_ and - 


: the oppoſite differences T 2 and 2. 


— 


3 Frtenſon of Cardan's Rule to be 


powers, W and multiples of the two original 


quantities — and 75 „and with the ſame ſigns + and 


prefixed to them, a8 were before contained i in the even 


a3 


powers of the oppoſite difference ” I — * , when — I Was 


2 8 
greater than 2 * Thus, for example, the ſquare of — 70 


; andi in tha pre- 


1 1 "al 
in the former caſe N ＋ 7x27? 


ſent caſe the ſquare of 5 2 3 which 


4 * 27x27 27Xx4 + Sow 


conſiſts of the ſame * and with the fame ſigns pre- 


and differs from it wy" in the order j in which the ex- 


— are placed: And the ſame ob- 


ſervation 3 is true concernin g all the other even Powers of 


rr 


27. 27 4 Ls 
Alſo the odd powers of me difference 2 — — 75 to wit, 


2 * * itſelf, and _ 7], £ * * &c. will conſiſt of the 


27. 


"OR terms, or of the ſame Fee Mg produdts, and multiples 
of the two original quantities ” — and 2 , as were contained 


in the ſame odd powers of the oppoſite difference 


7 


powers of the difference . 7 = — —» to Wir, oY nh 2 * | 
cc. will conſiſt of the very Lime Wd; or the ſame 


= Þ FF =>zY 


ſe 
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. , when © — was greater than 27 But the ſigns pre- 


4 
"= gl the 0 terms will be e to thoſe which 
vere . to them in the former OT OY the 


T ws <A » TR 
cube of — 2 in the former caſe was © . * : 75877 
; 


NED — wa the cube af ©. in the ns: caſe 
77 27 x27” 27 4 


, 3 — 7 7.— 28575 65 


bet terms as are contained i in 4 cube of 7 hp but 


they are placed i in a contrary order to that in which they 
vod in the former caſe; and the ſigns that are prefixed 
to them are contrary in every term to what they were 
before. And the ſame is true of all the other odd 


powers of theſe oppoſite differences of — — and 2 - 


rr 


34. It follows, therefore, that if 95 FR put . 55 2 


In this latter * of the equation 2238 =7, in which 


; is leſs than 5 , the even powers of 88, to wit, 1, „ 


1, &c. will repreſent, or be equal to, the fame powers, 


products, and multiples of the two original quantities 


- and - in the preſent caſe as they repreſented in the 


former caſe, when - was greater than 755 and 5s was 


made to ſtand for 7 — 253 and the ſeveral terms repre- 


{nted by the ſaid even powers of 5s will have the fame 


figns 


a a . | a 2 _ 

i PPP r 4 \ 8 
8 * 3 rere! ee * . 0 8 * — Wr % "ad — N _— 

nr AYES. 2 RAC AS 8 8 = . 


MA 2 4 
nx 
-' 2 
5 
- * 
A w 
F , 
4 
x ' 4 
1 
1 
* a 
1 2 
_ 5 
** 6 
> ; 
. 
4 - 
* 4 . 
= 
: ? 
* - 
4 p - 
8.1 
*. ? 
x 
= 
z 
. 
f 
| k 
| Z 
= 
; 3 
: 
Po * 
* 1 
"= > 
1 p 
4 
19 
5 
l ? 
x 
©; 4 
EE 
* bo 
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# : 
1 1 
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multiples of the two original quantities 4 and 1 


45 
x*—gx=r, in which © 7 is leſs than 2 we put 46 -5 
27 
255 7 _ 
the baden 2 3 8 c. will repreſent, or be 


equal to, a „ of terms, derived from the two ori- 
ginal quantities — ” and 5 that will be the very ſame i in 
point of compoſition, that is, will de the very ſame 

powers, products, and multiples of - — ” and 7 5 as the 


| which.” — was greater than 2 


ed will wk all have the 4 fi igns . and — — prefixed to 
them as they had before ; but thoſe terms in the ſaid 


ries 2= == —— 


Extenſion of Cardan's Rule to the 
ſigns + and — prefixed to them reſpectively in this ſecond 
caſe as in the firſt caſe. And it likewiſe follows that the 

dd pow ers of ſs, to wit, 57 52 924, SCC, will alſo re. 
preſent, or be equal to, the ſame powers, products, and 


27 8 in 
the former caſe; but the ſigns + + and — prefixed to the 
ſeveral terms repreſented by the faid odd powers * is 
will be contrary to what they were before. 


35. If therefore in this ſecond caſe of the e equation 


terms that were repreſented by it in aha hence caſe, in 


55 dut the terms ſo repreſent: 


ſyſtem, which are repreſented by the terms of the ſe- 


255 20“ 308595 5 
gee 2437 © Crore * c. which involve the even 


powers of 5s, to wit, 457 ccc. will have the ſame ſigns 
: | prefixed 
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grofixed to them as-they had before when 5s ftood for 


. —5 and thoſe terms of the ſaid ſyſtem which are re- 
7 
ented by the terms of the ſaid ſeries which involve 


c. will have 


the odd powers of 665 to wit, = and © _ 


ee 
—— — 


qe 2435 6561 


945 "XY 
x, to wit, the terms 2 * and FE c. the new ſeries: 


Which involve the odd powers of 


gee 243. 6 . 


vill be the ſame Powers, produdts, and multiples of the 


wooriginal quantities _ — and * 55 as thoſe which. were re- 


Ge 243e* 6561 


in exactly the ſame manner by the ſigns + and -: that 


equal to, the followi ing . 6f terms, to wit, 2==+ 


fe of of. or we. oy? 


ar 16. 4x2m7r 27x27 * > x 2777 4X Ne Senn” 


KC, 


4) 


contrary ſigns to thoſe they had bedr. Conſequentiy, 
S We change | the FROM of thoſe terms in the ſeries 2— 


thereby produced, to wit, 2+= — 207 „ will 


repreſent, or be equal to, a ſyſtem of terms which will 
not only be the very ſame in point of compoſition wr - 


preſented by the ſeries 2 = =— — 2 c. i in x the 


former caſe, but will alſo be connected with each other: 


s, by Art. 31. the ſaid new ſeries will repreſent, or be 


But: 


* 
ä — A — = = 
— —— _ — — 


936 Extenſion of Cardan's Rule to the 
But it has been ſhewn (in Art. 31.) that, if this gx 
tem of terms be multiplied into e, or the cube- root of 
__ and the ſeries thence produced be cubed, and alf 
multiplied into 9, and from its cube the product of it 
multiplication in to q be ſubtracted, the remainder there- 
by obtained will be (nearly) equal to 1. T herefore, if 


205 WW . 


the ſeries 2 + * 255 + oe 


— 8&C. (which repreſents 
mM is equal to, the ſaid . of terms, when © is Ich 
than © „ and 251 is made = == — 70 be multiplied 5 e or 


ae n of * and ths ſcries thence produced be 


cubed, and alſo multiplied into 75 and from the cube of 

the ſaid ſeries the product of its multiplication i into 9 he 
ſubtracted, it will follow that the remainder thereby 
obtained will be (nearly) equal to 7; that i is, the produd 


of the multiplication of e, or the cube-root of - —, into 


| . . | | . | | | 0 + 35 | 5 : 
the infinite ſeries 2 + Z — 2 + 32% — Kc. is equal ii 
e Turin dee 2430 65610 eo | 
the value of x in the equation at =7 in the ſecond 4 
caſe of it, when ” Tis leſs than 2 — . E. 73 Or 
36. This ſeries n 208 + ves, — &C. does not a C4 


243eF 6 8620 


ways converge, but only when 55 is leſs than ee, or - 


- 3 . (5, | 5 | 
is leſs than A or - is leſs than = or - is greater tha 


Second Caſe of the Cubick-Equation $*=qx=r. 7g 37 
'balf 5 or than ©, though leſs than 5 And the NEarer 


"approaches to 2 


„the greater will 1 the-iiſtneſ with 


hich this ſeries! will converge. 

37. 1 will now add a few-examples of the reſolution 
ef cubick equations of the aforeſaid form, * -r = in 
the ſecond caſe of thoſe equatiens, in which 1 1s. leſs 


than ; oY, or — is leſs than — by means of the infinite 


— * = 
ſeries 25 i x|2 + 2 — 5 3 Nc. found i in Art. 35» 


in order to confirm the truth of the reaſonin 85 by which 
that ſcries was obtained. e 


ar 


EXAMPLE 1: 


28. Let it be required to reſolve the equation * — 88 or =I 20 
by means of the Jaid infonit Hela. FI 


Here 9 is 50; r is =120; or 6, 1s 3603 77 or 


8 — 225,000 _ 
is = 3600; 9 is = — 125, 00; and fs = - = E552 = - 


ls, 629,629,629, &c. which 's greater than 3600, 


F => Therefore this equation cannot be reſolved by 


2 


CARDAN? 8 rule, but may by the expreſſion 85 x the fe- 


. 
qa Kc. provided that ſeries con- 
9 243. 5561“ e 2 


ſerges. Now, ſince 751 = 4629. 029, 629, 629, ec. 


| Vor, LXVIIL. RE” 7 and 


r * : " * - \ a a 
d * „29 « * * - 232 ** * * WPI wv. , — #. a SLE 3 of, way) * 1 of A BY * x ; 4 . 2 — * 
ls In , ren * * „ Naa. e * N. 0 . . " Sr the; — 7 * „ Dee Fy 
Pa 8 j . s — — L q * p J — 5 : 
A g l * W. — : . 
k , | 
| * 
1 5 *% +4 — W aan IR. ** , ' [ . nb . . . : 1 — 
es l n | TRACEY 2 oY r Ot Li 5 ods \N wet: 4 (doe aa n * * : OAK - * . 
* 99 r 
2 


Therefore e the ſeries 292 — 


938 Extenſion of Cardans Rule tothe q 

and 2 is 3600, we ſhall have 45 8 © — 4629. 62g, 
629, 629, &c. - 3600 1029. 629, 629, 629, Kc. 
which is conſiderably leſs than 3600, or ee; and conſe- 


n the ſeries will converge. 


39 · We ſhall therefore have == | 2029. peep & 


=.286,00; and 5=-081,796; and 5 3.02 3,3933 and 


conſequently 2. — = 22 = 2 = 0 6 3,555 and = dt 


8.5 8 
20X 081,796 _ 1.63698 — _ 6 585 and 3 30 308 x . x -023,393 _ * 


. 5551775 I” 
= -- 20855 , 


8 2 205,044 Theref + 2m =>" <0 
=.001,098. Therefore 2 ＋ = = + Tap B 


6561 


= = 2+.063,55—.006,73+.001,09=2.064,64—.006,73 
22.057,91. And &, or We, i is =Vv*[60=3 3-91 4,867, 


20 gol 


2430* T 55515 YT Kc. } is = 8 


3 914,867 x 2.0 57,91 28. o 564; that 1s, the root of the 


propoſed equation x 50x=120 is 8.0 564; which i 
true in three places of figures, the error being in the 

fourth place of figures, or third place of decimal frac- 
tions, where the figure ought to be a 5 inſtead of a6, 
the more accurate value of x in that equation being 
8.055,810,345,702, as may eaſily be found by Mr. 


RAPHSON'S method of approximation. But 8.0 564 


the value of x found by the foregoing proceſs, is ſut- 


ficiently near to its more accurate value 8.0 5 5,8 I o, &c. 
10 


Second Caſe 7 the Cubick-Equatiaon. & X=r, 9 39 
to ſhew the truth of the foregoing reaſonings. Their 


afference is only — 555 parts of an unit, which is. only | 


the 1342 6th Part of 8 8.05558 10, &c. or the true value 
of x. 


40. N. B. This equation x*— 50 12 20 expreſſes the 


relation between the diameter of a circle and three chords 
in it that lie contiguous to each other, and together take 


up a ſemicircle, and form: a trapezium of which the dia- 


meter of the circle is the fourth ſide. For if the three 


chords are called 6, & and 4, and the diameter of the cir- 
de is called * the relation between mem will be ex- 


if the numbers 2 4 and 5; are ſubſtituted inſtead of the 


letters 5, x, and „ will become x*— —$OX=I 20, See Sir 
ISAAC. NEWTON 3 Arithmetica Univerſalis, Edit. 20d. 
1722, page 101. 


EXAMPLE 7 


41. Let it be required to find by means of the ſame ring 


the root of the e * -=. 
Now in this mam 7 is = TI, 71s 5 is 55 5 


1 1 7H © 141 3 
ar ee, is = 7% and 7 = is = =, which is greater than 35 


6 A 2 or 


\ D 
2 a” Oo er Te ²˙ A coo ec nf 


ko 
l 
1 
1 
4 
3 * 
7 
4 


ed dy CARD AN'S 2_ but may by the ſeries # x 


p than! 2 or ee, in the proportion of T to 3. Conſe 


ries el 24 — 


0 fore the equation & -= may be reſolved by the means. 
of it. as. follows. 


hav: 2 =} =-333:333) and 7 8 =; 111511 T, and 3 


27 037, 0 371 and conſequently x = = 


$07 4,07 4, 


*. 
4 N 


94% Erxtenſon of Curdarts Rule h tbr. 


or 7. Therefore this equation cannot be een 


* a e wo 


IS+ 71 1 3 T5 2 S355 > > 
_— = 25 = Kc in caſe 1 fries Is a cons 
"I; 1 5 * 
os 3 o 
2% and — 18 = % We hl haves is 
a A * Y 
TT” BS 1s.” gon _9 1 | 


— 1 


1 
quentiy the ſeries 2 += by Long 0 bx, - &c. and the ſe- il 1 


* 


2 3 "30850 
der 243“ 5561 


Cc. will. converge. There 


42. | Since 57 is = — — and ” ” or ee, i TD we ſhall 


2X $333553 — 666666 _ 

* a 
on — 20K. 117,111 2. 222222 

and z * == =".00 I 
po DS OE OOO 
30866 308 X 037,037 11.457222. [Fg 2 

and 5515 65610 1 3 — 5885 2. 0 17 38. ' Therefor 

26 20 30855 

— +——z 
gee 243 65616 


001,7 38=2.07 5,812 =.009,144=: 2. 066, 668. And 


Vee 18 S * - I 1 Therefore er * the ſerie 
| 7 


— Kc. is = 2 + 074, 54 oog 44 


5 255 SQ --* mo oh 
5 gee 2436 + — Ke. is = — 7:81 n 1 * 2,066,668 = b 


1.137333 


N 


Second Caſe of the Cubict Equation æ -g r. gat 
1.13733 5 that is, the root of the propoſed equation 
-x is 1.137,33; which is. true to four places of fi- 
gures, the error being in the fifth place of figures, or 
the fourth place of decimal fractions, where the figure 
ought to be an unit inſtead of a 3, the more accurate 


value of x being 1. 13751 58, 164, which differs from 
ol value of it here found by leſs than .o0017, os 


— parts of an unit, which i is leſs than the 668g! 


100, 


part of 1.737,155, 164, or the true value of K. 


E Xx AN L E III. 


4 3. Let it te habe to find the root of the equation - 2 
* NE 4c 
Here 9 is = 5; 7 is 43 = or e, is =a} 25 or ee, 1S - 
=4; Gis = 125, and 2. is = = 4.629,629,629, c. 
which i 18 greater than 4. or - = | Therefore this equation 
cannot be reſolved by CARDAN Ny. rule, but may by the 


of 30855 
infinite ſeries 65x 2 += — E . + + 27. ; — cc. in caſe that 


ſeries is a ——_ one. 


2 . 


Now, fince © - 18 4. 629, 629, 629, &c. and is = 2 XJ 
ve ſhall have? = 70 or 55, = 6295629, 629, &c. which 


j ' a _ 4 
„ 5 8 a I Ys. AMES. 
+ * — & 224 1 " PRO 4 - 
7 a bs i * 1 . Wo, a a ers 4 
2 . F 
- , . , 
3 Ae . — —— W = * « = - _ » = „ 
* . "3 - 
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much larger than the proportion of 5s to ee in either 


(2s 20 308" 
[2 + = = == + = = BC will converge with a greater 


| degree of ſwiftneſs than in either of thoſe examples, 


as follows. 


is 2 2 ＋ -034:979=-002,039+-900,182= 2.03 5,161- 
.002,039= 2,033,122. And #, or We, 1 * = "2. 


: 1.2 59,92 T. Therefore e x the ſeries 2+ —— A 


Exten/ion of Cardan's Rule 70 the: 
is leſs than 4, or ee, in the proportion of about 6 to 
40, which is a pretty large proportion of minority, and 


of the former examples. Conſequently the ſeries ein 


gee 24365 6561e® 


Therefore the equation * — Sar may be reſolved by it 


enen 5 
— = = «157,407 3 and conſe- 


44. Here — in = 


- quently © is = . 024,777, and 5 4 18 = . oo 3, 900. There- 


. 2 hs 2X 1 0 I 58 | 
. Wy 5 8 _ eee | 

1 * = 002,039, and = 1551 E n 06550 P. 
I, 201, 200 | 20 Zehe 


g. ooo, 182, and conſequentiy - 


6561 243 885 65617 


30866 
555165 


that is, the root of the propoſed equation * — 5x= =4 is 
2. 561, 5733 which i is true to five places of figures, the 
error being in the ſixth place of figures, or the fifth 
place of decimal fractions, where the figure ought to 

6 EE -— 


— Kc. =; 259,921 * 2.033, 122 2. 561,573 


y Second Cafe of the Cubick Equation x*=qx=r. 943 
be a 5 inſtead of a 7. For the accurate value of x in 


| . . . - | , | 06 | | ED 
this equation is 1+ LY, or * , or — ow 


2 


+.561,5533 which differs from 2.561,57 3, or the Va- 


he of * found by the foregoing ſeries, by only 
2 * 
pet of 2. 561,553, or the value of x itſelf; which f is 
a great degree of exactneſs. 


45+ Note. That *, Or the root of the equation FO 
— 
2 


1000 — 


parts of an unit, or leſs than the 128, oooth 


gr, 18 accurately equal to — 5 will appear by ſub- 


ſtating - af 22 inſtead of * in the compound quantity 


1-Sæ, avid obſerving that it will make that quantity 2 


become equal to 4. For, if x is = £4 , we ſhall 


WE LLULSLO LILLE 52 + 20X 22. 134.7 
8 8 9 EM 


have 15 
7 5 FI 
4 


and 
a * 2 


2 


?, and conſequently K — —5 X== 
n S&K. E E. D. 
46. Theſe examples ſufficiently prove that the « ex- 


4 | 6 
preflion el x the l 2+ =-,+ 35 Kc. (which : 
gee 243“ 65610 


184. Therefore 


ve derived from the other ſeries el 63 x R . Nc. 


y the peculiar train of reaſoning uſed in Art. 335 34. 


ad 3 5,) gives the true root of the cubick equation * — 
e — — * = 


„ 5 eee. 
r * 


* 
n T 
- 2 
4 „ 
* <A 
x the 
- ; 
- 
7 
2 
4 
! 
| 
pe * 
= 
: * 
bf 
| : 
+ 
A 
2 
N. 
= 
21 
E 
7 
j 
ih 
7 
S 
oy 
7 
} 
5 
5 
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much larger than the proportion of 5s to ee in either 


| 255 207 3085 
2+ ——— 


degree of ſwiftneſs than in either of thoſe examples, 


as follows. 


quently - 5 is S. o 24,777, and a ; is = .003,900. There- 


is leſs than 4, or ee, in the proportion of about 6 to 
40, which is a pretty large proportion of minority, and 


of the former examples. Conſequently the ſeries &x 


gee 243 P 6561e® 


— ccc. will converge with a greater 


Therefore the equation * — 3 may be reſolved by t 


= 157,40); and conſe- 


- a «62 * &c. 
Here = is = =: 
44. - 


205? : 


3 2X, 1 © I '$ 8 
fore Z is = 29:9 = 39% 044,979, and gh = fill 
: 20 * 924777 — 495234 = = 3089 09, 308 Xx .003,900 _ 

r = 002,039, and 65618 88614 is = —— 

1. 20, 200 20% go 


is = 2 + 034,979. 002,0 39 f. O00, 182 2.03 5,161- 


65610 


- 85 561,873; ; Which is true to five places of figures, the 


. ooo, 182, and conſequently 2+— — 
gee 


6561 243 + Gov 65016 


.002,039 = 2.033, 122. And #, or We, is = V*2= 


1 
1.2 59,92 L. Therefore 65 x the feries $4 = — — 


or . 


wi &c. is = 1. 259,921 x 2.033,122= = 2.561,5733 


that is, the root of the propoſed. equation x 5x=4 i L 


error being in the ſixth place of figures, or the fifth 
place of decimal fractions, where the figure ought to 


Second Cafe of the Cubick Equation x. r r. 943 
be a 5 * a 7. For the accurate value of x in 
L, or , or 
367,553; which differs from 2. 561, 573, or the va- 


me of x found by the foregoing ſeries, by ally —=+ 


I una ooOoth 


— parts of an unit, or leſs than the 128, oooth 


part of 2. 561,553, or the value of x itſelf ; which! is 
a great degree of exactneſs. 
45 · Note. That *, or the root of the equation & — 


ger, is accurately equal to Xx: 1 will appear wy ſub- 


fitating 2 inſtead of * in the compound quantity 


1 Sæ, and obſerving that it will make that quantity 


become equal to 4. For, if * is 2 u, we ſhall 


SEL $2 + 20% 22 13+5v17 
\ K | 8 8 2 . 79 and 


haye x 
len, 7 


and conſequently * — gx== 


1345911 = $V17 


2 2 


154. Therefore 1% is . Q. E. D. 
46. Theſe examples ſufficiently prove that the ex- 


preſſion | el x the ſeries 2+ —— ie (which 
gee 243% 655165 


255 _ "308 


We derived from the oth er ſeries e E3 x 0 2 — bore Nc. 


by the peculiar train of reaſoning uſed in Art. 3 3, 34, 


nd 0 353) gives the true root of the cubick equation * — 
J = 


* 
1 
o 
* 
81 
S- 


nite ſeries 63 x [2 8 
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a = r in the ſecond caſe of it, in which 7.1 leſs chan 


5 255, or 7 is leſs than 95 and which therefore. Cannot be 


. reſolved by CAaRDAN's rule, 
I. will, however, ſubjoin one more example to the 


ſame purpoſe ; which ſhall be that of the equation FE 

63 162, which both Dr. waLLIs and Mr. DE MOIVRE 
have reſolved by extracting what they call the im poffi- 
ble cube- roots of the im poſſible binomial | quantities 
81 +/—2700 and 81-4 = 2700. Now this equation 


** be reſolved by the foregoing expreſſion &* x the 


 .» +; 2085 
gee 243. 6561 


; = Kc. in the manner fol- 


EXAMPLE 4. 


47. Let it be — 8 to find the root of the equatin 
A 


* 


Here 7 is = 633 7 7s = = 162; - —, Or e, is =81; 7 ot 


Mi; W = 65613 3 Sh = 21; 5 2 2 = 9261, which i 


greater than 65671, or 4 Therefore this equation can 


not be reſolved by CARDAN's rule, but may by the inf 


255 24. 3088 


gee 243e ” 656100 
ries is a converging one. 


Now, 


— "Row. in caſe that ſe- 


— 122 1 


k © 


<<, aa 


2, 9 FR _ A < — * *t > * 4 * n p 
5 v5 * 5 * Wm * * , 4" f "EFY : _— 2 p ons 
775 14463 ; "Ip „ Ab daddes aa a ESTA Cs, 4 * 2 0 , 
WY (1 l * 9 i 3. 5 46h . 
4 ”% . * Rn: wo ”— «44M. ” 4 N 
* [4 . 2 W P . a 9 s * 1 * 
* * hl , * 0 t 0 — i, - 4 . i — þ \ *T \ * * 7 q ? * 4 4 * 4, 9 > * LE 
1 kf %-"Y 0 Pg 1 o ** * ot * E39 a nie bk 4." a 
1 4 4 - * „ * E Lea 4 ﬀ Y 7, „ * _—_ * r * > "1 * X 
. 5 * ' 4 = — bx . N NS . e «7 . 
* , . 1 7 , £ +> 
: * Y 
* 


Second Cafe of the Cubjet Equation x- r. a 945 . 
Now, fince 8; is nn and ” is = 6561, we ſhall 


hav 5 —5 75 or 40 = 27005 which | 18 leſs than 6567, 


or ee, in the e of 100 to 243. Conſequent- 


20 4 
„ — &c. and the product 


of that ſeries multiplied into e, or the ſeries ei x 
1 205 308.0 


ly the ſeries 2 + — = 
gee 


the equation x3— 6 - =1I 62 may be reſolved by it as 
follows. 


48. Since 44 is = 2700, and = 5 or ce, is = = 6561, we 


—_ have 2 = == 1 41, 522, and 5 . 169,350, 


nde . o69, 69, and conſequently == n $23,044 _ 


091, 449, and 204 1 — 20X .169,350_ 2396 1,013,938; and 


2430 © 243 
308;* _ 308 * 069,60 21 464,828 


i "on = gr Gy 003,271 i. Therefore 2 + 


u 20 308 5 = 
9 „ 6561“ 25 c. 1 18 = 2 + 091,449, — 5 013,938, + 


-003, 271 — &C. = 2.094, 720, = . 013, 938 — &c. = 


2.080,782, — &c. And e, or vie is Vis = 


7 326,749. Therefore & x the ſeries 2+ 2 — = + 
308," 


9.003,021= &c; that is, the root of the propoſed e- 
quation x- 63x = 162 is = = 9.003,021I, — &c. or ſome- 
Vhat leſs than . oo 3,0 21; which is true to three places 


Vo I. LXVIII. 6 B of 


+ 4 L EI "WE" + Mb R r * 84 
J ITY 2 N Is 1 - 9 4 8 £& * 4 * 2 22 ky 3 * . * K 
* F n 8 W * WOK 9 R 9 
* WY reg Y 1 ad 228 * * *. * 9 os RE * F. : "0 * To 4 
OTE : . S 6 de tin 44%; * * 
C4 3 : - 


=" oo. &c. will converge. ' Therefore 


re = &C. 1s = = 4. 326, 749 * 2. 080, 782, . cc. = 


no Goes ALY COPS ASP ea 


7 IVY 
7 4 4 : 2 5 1 
- pr 4 — . — © a - 
bs —_—— — ,— *—_ * 
* 
* _- — - a 
SITY 8 r ; N | 
. : 2 Nee was, * s 4 


—_— * = 


= oy — 
\ 
— — — . % —ͤl l... ͤ . ß ]⅛—uVP.᷑¼ꝙQͤamãẽ... ? ? y yy ]⅛wCnC ˙⁰Ü⅜nꝛVẽ,  —_—  — —C U —— ͤ 
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which are prefixed to them. The doQtor's method of 


= * 3 ” 

* 5 * 

. 
8 . *. 
* 4 l 


Extenſion of Cardary s Rule to the 
of figures, the error being in the fourth place of fi. 


gures, or the third place of decimal fractions, where 
there ought to be a cypher inſtead of a 3, becauſe the 
accurate value of x in this equation is 9, as will appear 
upon trial: for, if æ be taken 9, we ſhall have & 
729, and 6 3 2 867, and 22 * —63K (= =729 
— * 162. ( 
SCHOLIUM, | 

49. This reſolution of the equation * — 63 1621 
anſwers to Dr. WALLIS'S reſolution of it by extracting F 
the cube-roots of the impoſſible binomial quantities | 
81+v—2700 and 81—Vv—2700, inaſmuch as both re- | 
ſolutions are originally derived from CARDAN'S rule, | 
But the difference between them is, that the method 
here delivered is intelligible ; in every ſtep of it, whereas 
Dr. waLL1s's method treats of impoſſible quantities, r 
quantities of which no clear idea can be formed, in the a 
whole ccurſe of the proceſs, though it concludes with | 
a reſult that is intelligible, by means of the equality ol . 
the impoſſible members of the two ultimate quantities i 
*+:/—3 and2—:vV—3 (whoſe ſum is equal to the 
Fame of x), ana the contrariety of the ſigns + and - 


finding 2 - g and 2 - z to be the cube-roots 
Wy of 


I < 
4 oF, * * 
4 : « N 
— . . an" 
7 4 : ' WY 


T es wehre N N 
. 2 1 1 4 . vo Saf 24.4 
wy 1 9 4 e p J 4 CRF , X 
8 . | oh | 8 44 y 
7 V1 LE - as I * s 
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of the impoſſible binomial quantities 8 1 2700 and 
8:-v/—2700 is only tentative. But Mr. DE MorvaR 
has given a certain method of finding the cube-roots of 
ſuch quantities in all cafes ; but not without the triſec- 
tion of an angle, or finding (by the help of a table of 
fines, or otherwiſe) the coſine of the third part of a 
circular arc whole coſine is given; by means of which 
triſection it is well known (independently of CARDAN'S 
rule, or Mr. DE MOIVRE” 8 proceſs) that the ſecond caſe 


of the cubicæ equation x*—qx=r (in which © — is leſs 


than ©, may be reſolved. So that Mr. DE MOIVRE' $ 


method of doin g this buſineſs, though more perfect 
than Dr. WALLIS's, does not ſeem to be of much uſe in 
the reſolution of theſe equations. And both methods 
ae equally liable to the objection above-mentioned, of 
exhibiting to our eyes, during the whole courſe of the 
proceſſes, a parcel of algebraick quantities, of which 
our underſtandin gs cannot form any idea; though, by 
means of the ultimate excluſion of thoſe quantities, the 
reſults become intelligible and true. It is by the in- 
noduction of ſuch needleſs difficulties and myſteries in- 

| to algebra (which, for the moſt part, take their riſe from 
the ſuppoſition of the exiſtence of negative quantities, 
6B 1 3 
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or quantities leſs than nothing, or of the poſſibility of 

ſubtracting a greater quantity from a leſſer), that the o- 

therwiſe clear and elegant ſcience of algebra has been 

clouded and obſcured, and rendered diſguſting to num- ff of 
bers of men of a juft taſte for reaſoning ; who are apt Wl p 


to complain of it, and deſpiſe it, on that account. And, P. 

| doubtleſs, they have too much reaſon to do ſo, and to W 1: 
ſay, in the words of the famous Monfi leur DES CARTES 
in his diſſertation De Methodo, page In, Agebram vero 
ur ſolet doceri, animadverti certis regulis et numerandi ¶ th 
formulis ita e contentam, ut videatur potius ars quadam 
con fuſa, cujus uſu ingenium quodammodd turbatur et ob 
ſcurat ur, quam ſcientia, gud excolatur er perſpi cacius 
reddatur. If this complaint was juſt in DES CARTES'S n 

4 time, there is certainly much more reaſon for it now. 
50. The paſſage above alluded to in Dr. walLLIss 
algebra, is in the 48th chapter, pages 179, I80, of the 
folio edition at London i in 1685. And Mr. DE. Mol- 
VRE's method of extracting the cube · root of an im- 
poſſible binomial quantity, as 81 + 270, or a+ 
Mb, is publiſhed in the appendix to the ſecond vo- 
lume of profeſſor S$AUNDERSON'S algebra, pages 744, 
7455 746. 747. It is very ingenious, and ſhews that 
author's great ill in the uſe and management of al- 
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Second Caſe of the-Cubick Equation x qx=r. 949 
gebraick quantities. See alſo on this ſubje&t cLamRauT's | 
femens PAIgebre, Part V. Section 9. pages 286, 287, 
288, and a paper of Monſieur NICOLE in the memoirs 
of the French Academy of Sciences for the year 17 38, 

pages 99 and 1ooO. See alſo MACLAURIN's algebra, 
part I. the ſupplement to the I 4th Chapter, pages 127, 
128, 1. 29, 1303 and the 1 Tranſactions, 
W. 451. D 
TR any gentleman ſhould be inclined to compute 


255 8 


g.5 
the ſeries 2+ 5 + 159 ker. to more than four 


terms, he will find the firſt eight terms of it to be as 


2 20 30846 : 1870 111,6 % 
blows, * vi, 2+ gee- 243 © 5618 590% e 


5368,12“ 120,646,960 | 
| 129,140, 103e'% 8 755,830,695 
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Machine much varied in its Effects, and very uſe eful 
for determining the perfeet Proportion between different 
 Moveables ating by Levers and Wheel and Pinion, 


By Mr. Le Cerf, Watch-maker at Geneva; Commu- 


nicated by Lord Viſcount 3 F. R. 


Real July 9, 177þ-0/ 


— HORSLIY, LL-D. 5. K. 8. 


A VIN G received from Mr. LE ck RF, witch 
at Geneva, two inſtruments of his invention, with 


_ the annexed paper; and being defired by him to preſent 


them to the Royal Society, I take the liberty of ſending 
them to you, as ſecretary of that learned Body. 1 have 
peruſed this intereſting treatiſe, which contains ſome 
new and valuable thoughts upon the relative ſize of 
wheels and pinions working together; and this being 
one of the things of the moſt general uſe, with reſpec 
to the improvement and eaſy execution of clocks, 
watches 


XLII. Account of the Adtventages of a newh-invente 
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Mr. Lx CERF on a neu- invented Compaſs. ger 
matches, and all kind of wheel machines, this paper ap- 
pears to me to be very worthy of the attention of the 
gciety. It is to be regretted, that the author does not 
enter into a greater and more minute detail upon the 

lape of the working- teeth, &c. as this, in my opinion, 
jill, in ſeveral caſes, materially affect the very ſimple, 
gaeral 1 rules which he has elegantly laid down. 


Jam, sIR, with true regard, 
Your very obedient, humble ſervant, 
MAHON, 


FF THIS machine may be called a compaſs of geo- 
metrical and mechanical proportion; its pro- 

perty is to reſolve a great number of problems analogous 
to the theory and practice of watch-making, in a man- 


ner which i is at the fame t time very evident and infinitely 
more 
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Deſeription d une Machine de nouvelle Invention, auſſi varite dans 
ſes Effets que neceſſaire pour determiner les parfaits rapports 
entre les differens mobiles ayiſſans par Leviers et par Engre- 
nage. Par Monſieur Le Cerf, Horloger a Geneve. 


(1, 


N peut appeller cette machine, compas de proportion gcometrique et 
mechanique, puis qu'il a la propriete de reloudre une quantite de 


poblemes analogues a a la theorie et à la pratique de Vhorlogerie d une maniere 
tres - 
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9 52 Mr. LE CERF on a eee 
more convenient than the mode of arithmetical calcula 
tions. | 

$ 2. The compaſs of proportion here treated of nat 
only ſhews the proportion of the diameters between the 
wheels and the pinions, but ſerves to determine every 
ſpecies of proportion of the calibers, of the ſize of Pivoty, 
width of pallets, bigneſs of cylinders, and in general of 
whatever is an object of dimenſion. In every caſe it af. 
fords a product, either in unity or fractions, as perfect as 
the application of it to the mechaniſm we are conſider- 
— 


98 3. Nothing therefore can more conduce to the per- 
fection of watch-making than an inſtrument which im- 
mediately determines all the dimenſions and proportions 
required; dimenſions and proportions which could not 
heretofore be obtained but by means ſo long, ſo labo- 
rious, 


— — — 


tres in et * plus commode que par les optrations du au. 
§ 2. Ce compas de proportion dont ce memoire fait l'objet, decide non ſeule- 
ment du rapport des diametres entre les routes et les pignons, mais encore il ſert 
à dẽterminer toutes ſortes de proportions, ſoit des calibres, groſſeurs des pivots, 
largeurs des palettes, groſſeurs des cilindres, et generalement de tout ce qui fai 
objet de dimenſion; il donne dans tous les cas ſoit par unites ou par fractions 
un reſultat auſſi parfait que facile à app'iquer au mechaniſme en queſtion. | 

§ 3. Rien ne nous paroĩt donc plus intéreſſant pour la perfection de L horlo- 
gerie qu'un ſemblable inſtrument qui determine ſur le champ toutes les dimen- 
ſions et proportions requiſes que on ne pouvoit juſqu'a preſent obtenir * 


S. = 2 
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Proportion Compaſs. | 93 
nous, and ſo imperfect, that it is they which have pro- 
hably given riſe to a general relaxation with regard to 
the true principles, and to the adoption of rules and mea- 
ſures arbitrary, vague, and which produce very conſidera- 
dle errors: ſuch, for 1 is the error of taking a 
little more than three points of a tooth in order to de- 
termine the ſize of the pinions of ſix, without regard to 


of the wheels produce. The conſequence 1s, that an 
equal meaſure being taken upon a wheel of 18 and 
upon one of 72 teeth produces a variation of one entire 
revolution, as wHl be ſhewn hereafter. . 
{ 4. For inſtance, the pinion is the diviſor of the 
wheel as well as that of the circle, each tooth of which. 
ks to raiſe its required proportion of degrees. A pinion 
of fix is to raiſe 60? per tooth becauſe 6x 60=360; one 
- ot 


OT 
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des moyens auſh longs que penibles et imparfaits, et qui vrai ſemblablement ont 
donnẽ lieu à un relachement general ſur les vrais principes, en ſuivant des rẽgles 
ou meſures auſſi vagues quꝰ arbitraires et qui 1 menent i des erreurs tres conſidera- 
bles; telles ſont celles de prendre un peu plus que trois pointes de dent pour 
"Ss la groſſeur des pignons de fix ſans diſtinction des revolutions que pro- 
duiſent les dificrens nombres de dents des rouẽs. Par conſequent la meme meſure 
priſe ſur une roue de 18 comme ſur celle de 72 dents, produit une ecart 
Cune revolution entierc, ainſi que Von Vexpliquera ci apres. 

04. Par exemple, le pignon eſt le diviſeur de la rout aufh bien que celui du 
<rcle, dont chaque aile doit lever ſa portion de degres requiſe; un pignon de 


Vol. LXVIII. 6 0 6 doit 


the revolutions which the different numbers of the teeth 


954 Mr. LE CERF on a new. invented 
of ſeven is to raiſe 51 25 and ſome ſeconds; one of 
eight is to raiſe 45; one of ten is to raiſe 36˙: finally, 
one of twelve muſt inconteſtably raiſe 88 Per tooth, 
ſince 12 30360. 
"0 Amidſt various methods that have been uſed for 
the ſolution of this important problem, 1 ſhall mention 
only the moſt ſimple one which may be underſtood by 
thoſe who have the very firſt principles of arithmetic, 
9 6. I et in motion two wheels, each of twelve teeth, 
By making one wheel turn the other, it is evident that 
theſe two diameters muſt be perfectly equal between 
themſelves, allowin; 8 for the neceſſary ſhake betw een the 


teeth.“ 


(a) This ſhake i is very iat e die clpecially when the pinion and the teeth | 
of the wheel are properly opened; for,according to my experiments, the deduction P. 
to be made on a this account is reduced to the g6th part of the circumference of a 
pinion 


—_— 
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6 doit lever 602 par aile, parce que 6 x 60= 360; un 6 7 doit lever 512 257 et 
quelques ſecondes; un de 8, 45 celui de 10, 367; enfin un 1 de 12, 
doit inconteſtablement lever 30? par aile, puiſque 12 x 30= 360. | 
55. Entre diverſes r6gles que Pon a employees pour reſoudre cet important 
problème; on ſera mention ſeulement dela ptus fimple et qui fe trouvera a l 
portẽe de ccux qui auront les premieres notions des elemens de Parithmetique. 
$ 6. Si je fais fonctionner par engrenage deux mobiles du meme nombre, que 
je ſuppoſe de 12 dents chacun, il eft elair que ces deux diamẽtres doivent etre 
parfaitement egaux entreux (au lochement pres qu” exige tout engrenage libre ). 


* Lochement qui fe reduit a tres peu de choſe, ſur tout quand le pignons et la denture font 
vuides à leur point, car ſuivant Vexperience que j'en ai faite, cette conſideration ſe reduit3 


route rigeur à un 965 dela circonference d'un pignon ds 12, qui produit Ia ſomme dune 88 
| : den! 
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$9, It will follow from hence, that theſe two movers, 
which we will ſuppoſe wheel and pinion, muſt recipro- 


cally raiſe the 307 required; but if you increaſe one of 
theſe ſo as to make a revolution more than the other, 


| which is fixed at 12 teeth, and at one line diameter, this 


aſt will indeed have 24 teeth; but inſtead of two lines 
of diameter it will have only 23 and =th relatively 
to that of the pinion; or if we give it an e the double 
diameter, it will have 2 5 teeth inſtead of 24; 1 conſe- ” 


quently upon three revolutions, or 36 teeth, one muſt 
ſubtract from the wheel 2 and - 2th of a line, and ſo on 


z far as 1 2 or rather 11 effective dais (for the firſt, 
| being ſuppoſed to be in equilibrio with its pinion, ought 


pinion of 12 which produces the fam of the 8th part of a tooth * the 
wheel let its number be what it will, 1 


not 
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$ 7. Il ſuic dela que ces deux mobiles que nous ſuppoſerons roue et pignon 
doivent lever reciproquement les 3o® requis; mais ſi Fon augmente Pun de ces 
mobiles d'une revolution de Pautre qui eſt fixce 2 12 dents et une ligne de dia- 
metre, ce dernier aura bien 24 dents, mais au lieu de deux lignes de diametre il 


revolutions ſoit 36 dents, i} en faudra retrancher de la roue x de ligne, ainſi ds 
fuite juſqu'a 12 ou bien 11 revolutions effecti ves) parce que la premiere ẽtant 


dent {ur la rouꝭ de tel nombre qu'elle ſoit; n&antmoins pour rendre les juſtes rapports d'autant 
plus complets, j'ai fait entrer tout d'un tems cette petite compenſation en fayeur du mobile qui 
mene dans les dimenfions de mon compas en * pour tous les nonibres et grandcurs des 


04s et pignons quelconques xc. 
? 66 4 | cenles 


Maura que 23 relativement à celui du pignon, ou bien ſi on lui bins exactement 
le double en 1 il aura 25 dents au lien de 24, penn ſur trois 
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not to be reckoned). The wheel will then indeed have 
144 teeth, or 12x 12; but it will only have 11 times ag 
much in diameter, that is, 1.1 lines inſtead of 1 2, in or- 
der that the angles of theſe two movers may always he 
in the ſame perfect proportion to one another, of which 
the preciſe raiſing of 39? "Fer tooth is one of the moſt 
convincing proofs. 

 $8.1n order to make this more intelligible, I ſay that, 
as the primitive radii ought to be equal between theſe 
movers, a pinion of ſix wings, being a line in diameter, 


requires the taking off of one ſixth, to take from it what 


is uſeleſs in its catch; this is what forms the apparent 
diameter. This deduction Wilk reduce the primitive ra 
dius of this pinion to ? ths of a line; for as its revolutions 
about a wheel of 1 2 teeth are as two to one, what is to make 
the radius « of the wheel for the firſt revolution will be 
on 


— — 
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cenſce faire ẽquilibre avec ſon pignon ne doit point entrer en ligne de compte). 
la roue aura bien 144 dents ou 12 * 12. Mais elle n'aura qu'onee fois autant 


en diametre, c'eſt à dire onze lignes-au lieu de douze, pour que les angles de ces 
deux mobiles reſtent toũjours dans le meme et parfait rapport, dont la juſte levee 
de 300 par aile eſt une des preuves la plus convaincante. 
§ 8. Pour rendre ceci plus intelligible, nous diſons que comme les rayons 
primitifs doivent etre egaux-entre ces mobiles; un pignon de ſix ailes qui aura 
une ligne de diametre exige le retranchement d'un ſixiẽme pour lui oter ce 
qu'il y a C'inutile dans ſon engrenage, c'eſt ce qui forme 1. diamẽtre apparent; 
ce retranchement reduira le rayon primitif de ce pignon a 42 a ſoit a à de ligne, 


car comme ſes revolutions autour d'une rouẽ de 12 deuts ſont comme 2 à 1, et ce 
qui 


Proportion Compaſ'. 957 
qual to this in Aths, or one line; but for 2, 3, and 4 
evolutions, and fo on, one muſt add ths of a line to 
de radius already laid down, for as many revolutions as 
he pinion muſt make more than the wheel, a wheel of 
12 teeth will conſequently have - 22ths of a line radius or 
lameter;:.one of 18 teeth and 3 +:ths; one of 24 teeth. 
#ths, and fo on. 

99. The ſame thing holds true in all the other 
pinions, let the number of them be what it will, where 
the fame rule i is to be obſerved. Thus upon 10 revolu- | 
tons of a pinion of ro one muſt deduct from the dia- 
neter of the wheel one diameter of the pinion; ; as many 


upon eight revolutions of a pinion of eight; upon ſeven 
ef a pinion of ſeven as many; upon fix of a pinion of 


qui doit faire le rayon dela roue pour la premiere revolution ſera egal à celui ci 
en 12 douziẽmes ſoit une ligne mais pour 2, 3, et 4 revolutions ainſi de ſuite on 
zoutera 10 douziemes de ligne au rayon d&a poſe,. pour autant de reEyolution 
qe devra faire le pignon de plus que la roue; ainfi une roue de 12 dents aura 
ie rayon ou de diametre 22 douziemes de ligne, « celle de 18 dents 32 douziemes; 
e 24, 42 douziemes, &c. 9 
| Fg. Il en eſt dememe. de tous les autres pignons, de tel ants que ce ſoit, ' 
0 il faut obſerver la meme régle, ainſi ſur 10 revolutions d'un pignon de 10 
a retranchera du diametre dela rouẽ une fois celui du pignon; ſur 8 revolutions | 
"ut pignon de 8 _— fur * d'un \Pignon de 7 autant; ſur fix d'un pignon 
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9 58 Mr. LE ckär on 4 new-invented 
fix as many; and ſo on ane all the movers ang ure 
volutions and teeth. 1 . 
§ ro. This conſtant variation of the diameters in the 
proportion of the revolutions of the pinion upon the 
wheel, is a diſcovery fo much the more important 
towards determining, with greater eaſe, the due propor- 
tion between the wheels and the pinions, that it follows 
grad ually, in the moſt perfect diminutive order, all the 
numbers and magnitudes of any diameter whatever; a 
| ſingularity of effect which ſhall be accounted FINE in mo- 
ther place. 
§ Ix. The diameter of t the hind mut of neceſſity i in- 


creaſe j in a ratio of the actual revolutions of the pinion, 


and not in that of its apparent diameter; ſince we are 
conſiderin g the working parts of wheels and pinions, 


where the angles, relatively to the chan ge of the curves 


» _ ; . 1 a : ; . * ©. jp 4 E 2 
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die fix autant; def du rſt de tous . mobiles agile par resale 
e.. g 

§ 10. Cette conſtante variets Jes — en 140 ſon dro dreterdens du pig: 
non ſur la rouẽ, eſt une decouverte d' autant plus importante pour determiner 
avec la plus grande facilite et preciſion le juſte rapport entre les rouẽ᷑ et les pig 
nons, qu'elle ſuit graduellement dans Fordre: diminutif le plus parfait tous les 
nombres et grandeurs de quelques diamẽtres wu ce 2 9 * dont 
nous rendrons compte ailleurs. 

5811. Le diametre dela rove doit e a 


volutions effectives du pignon et non en raiſon de ſon diamẽtre apparent # 
qu! 
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* he circumference, muſt be reciprocally i in the ſame 
proportion to operate conſtantly the degrees of raiſing : 
which are required. | 

912. One may eaſily conceive, that the teeth of a 
nhee! become conſtantly more parallel to cach other, and 
pproach to the ſtraight line, in proportion as the num- 
der of them increaſes, the depth in that caſe need not be 
ſo great, and the curve being ſhorter is more favourable 
to the uniformity of the frictions than upon wheels 
which are few in number; this is what moſt commonly 
lappens to pinions of ſix, the numbers of whoſe wheels 
hardly ever exceed 60 or 7 2 teeth, For if in the uſual 


| method of -ufing a pinion-gage one was to take upon a 
wheel of 12 or 1 8. teeth a little more than the three 5 
points (which. points from the nature of their angles 


would . 


| n 
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qu'il s'agit d'un engrenage od les angles relativement au changement des courbes 
et de la circonference doivent ètre rẽciproquement dans le meme * pour 
optrer conſtamment les degrẽs de levees requis. 

912. II eſt facile de comprendre que les dents d'une rouꝭ deviennent todjours | 
plus paralelles entrelles et s approchent de la ligne droite a meſure que le nom- 
bre en eſt augmente, et moins alors Vengrenage exige de penctration, la courbe 
fant plus courte devient dans ce cas plus avantageuſe en faveur de Puniformite 
des frottemens; que ſur des rouẽs peu nombreuſes, c'eſt ce qui d ordinaire arrive 
aux pignons de fix dont Jes nombres des roues ne paffent gueres 60 et 72 dents, 
&, Car fi par la mẽthode ordinaire avec un calibre a pignon on prenoit ſur une 
roue de 12 dents on de 18 un pen pivs que les trojs pointes (que por la nature de 

| 12 1 8 leurs 
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would hitch into the three teeth at one and the ſame 
time) ſuppoſed to be in due proportion with a pinion of 


Mt 

ſix, and that afterwards one was to make uſe of the ſame 
meaſure upon a wheel of 42 teeth, the natural conſe- þ 
quence would be, that this —— would be by * or t] 
half its diameter, too big. 0 
$ 13. A pinion of ſeven, ſuppoſed to be of a proper c 
bigneſs, with a wheel of 21 teeth, would according to 2 
the ſame meaſure of three full teeth taken upon a wheel I n 
of 70, be too big by its whole diameter, inſomuch, that f 
the wheel inſtead of 70 teeth ought to have but 6 37 &c.ﬀl t 
Though the ſuperior. angles, that is, the circumference f 
of the wheels from 12 to 120, and above ad infinitum, il © 
relatively to the ſize of a pinion given according to o 
wulle, are and ought to be invariably the. fame; the lower I t 

3 angles 
5 . 3 POE 2 5 3 10 
P 

leurs angles embraſſeroient tout d'un tems bow trois dents) que Von ſup- 
-poſe en julie rapport avec un pignon de fix, et que Von vouluſſe faire uſage de la e 
meme meſure ſur une roue de 42 dents, il en reſulteroit evidemment que ce pig p 
non ſe trouveroit de ſoĩit dela moitie de ſon diametre trop gros. * 
$ 13. Un pignon de ſept qui ſeroit par ſuppoſition de jute groſſeur a avec une ll ( 
roué de 21 dents fe trouveroit, felon la meme meſure de trois dents pleines s 
priſes ſur une rouẽ de 70 trop gros de ſon diametre entier, de ſorte que ail * 
rout au lieu de 70 dents n'en deyroit. avoir que 63, & c. Non obſtant que le 4 


angles ſuperieurs, ſoit la circonference des rouẽs depuis 12 à 120 et au dellus 


uſques à Fintini; relativement a la groſſeur Tun pignon donn ſelon notre rege, 
6 3 ſolent 
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wogles, that is, the thickneſs of the teeth, are vet ex- 
 tremely different in every wheel. 

$ 14. For inſtance, all the wheels from I2 to 120 
heing floped and rounded with the ſame file, the teeth of 
the wheel of 48 are half as thick again as thoſe of 12, 
&c. In proportion as the paralleliſm of the angles in- 
creaſes, the teeth of courſe become larger and fuller, 
and each tooth conſequently always exceeds the inter- 


mediate ſpace in the ſame proportion, and gradually as 
| far as the right line. This, in my opinion, determines 
the proper 1} pace between the teeth of each wheel, whence 
follows the curve, equally conſtant and advantageous in 

| every reſpect, both with regard to the execution and to 
the uniformity 1n its lead on a pinion ſuch as this, the 
mickneſs of the teeth of which is a ſixth part of its dia- 
meter, 


2 . ; _ 8 * * 
Vim. — ——— —_—_— n 5 2 — th * — * p . 
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ſoient et Autres etre W les memes, is angles inferieurs boit 
lepaiſſeur des dents, ſont cependant. à chaque rout tres differens. 
914. Par exemple, toutes les roues depuis 12 juſques a 120 erant eflanquees 
et arrondies avec la meme lune ou fraiſe, les dents de la roue de 48 ſont la moĩtiẽ 
plus groſſes ou plus epaiſſes que celle de 12, &c. a meſure que le parallehſme des 
| angles augmente, les dents deviennent naturellement plus groſſes ou plus ẽtoffẽes 
let le plein par conſẽquent excèdant toũjours le vuide dans la meme proportion et 
graduellement juſquꝰà la ligne droite). C'eſt 1a qu? eſt a mon avis le vrai point de 
zuidage graduel de chaque roue, don ſuit naturellement la courbe auſſi conſtante 
qu'elle me paroit la plus advantageuſe a tous egards, foit dans Fexecution, ſoit 
dans Puniformits, à peu de choſe pres, de la mence ſur un pignon tel que celui 
u, dont Fepaiſſeur des ailes eſt la ſixiẽme partie de ſon diametre, tout comme 
Vor. XVIII. — $I Fexcedant 
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meter, juſt as the exceſs of the primitive radius or true 
diameter is the ſixth part of its apparent diameter. 
$ 15. According to this demonſtration, founded upon 
experiments, and which I am able to make out clearly, it is 
eaſy to ſee what errors muſt have crept into clock-making | 
by the old method of taking for the pinion of fix three 
or a little more than three points of teeth; for pinion of 
ſeven, the three full teeth when finiſhed; for Pinion of 
eight, the three full teeth, and the void ſpace as far as. 
the fourth; for pinion of ten, four full teeth ſo as the 
wheel comes out of the engine (the making of which 
has hitherto been truſted to women, children, and ſer- 
vants); finally, for a pinion of twelve, five points of ra- 
ther ſtrong teeth, with the ſame arbitrary formality. 

i Theſe methods, I muſt repeat it, are only fit to perpetuate 
miſun- 


— 


Pexcedant du rayon primitif ſoit damétre vrai, eſt la Gxieme partic de fon Gr 
mẽtre apparent. 
5815. Selon cette anden fondee ſur hs principes Texperience et dont 
on peut donner des preuves Evidentes, il eft aiſẽ de voir et de ſentir à quel ex- 
trème erreur ces uſages ont expoſẽ Phorlogerie Juſques 3 a preſent où Von a ſuiv1 
conſtamment Pancienne methode de prendre pour pignon de fix, les uns un peu 
plus que les trois pointes de dents, les autres les trois pointes juſtes; pour pig- 
non de 7 les trois dents pleines la denture finie; pour pignon de 8 les trois dents 
pleines et le vuide juſques à la quatrieme; pour pignon de 10 quatre dents pleines 
telles que la roue ſort du fendage, lequel juſques à preſent a ete confie aux 
femmes, aux enfans et mẽme aux ſervantes, &c. Enfin pour pignon de 12, cinq 


pointes de dents un peu fortes avec la mEme formalite arbitraire, mẽthodes nous 
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miſunderſtanding and diviſion upon the manner of 
ſxing and aſcertaining the firſt principles of watch- 
making, 

916. Nothing therefore ls to make us more ſen- 
fible of the want there is of our compaſſes of propor- 
tion, than the confideration of meaſures as ridiculous in 
themſelves as they are impoſſible to fix; there is no pro- 
portion which can be fixed (except it be by mere chance) 
| between theſe movers not even within ſo much as eight 
or ten degrees of riſe per tooth; whereas by our ma- 
chines, whoſe utility and the manner of making uſe of 
them is comprehended at firſt ſight, one may come 
vithin a quarter or even an eighth of a riſe per tooth, or 
nearly ſo. 


$17. 


. 
— 5 —_— 


le repetons tout a fait propres à perpetuer le ſchiſme, la mes-1ntelligence = 
berreur ſur la maniere propre a fixer les vrais et premiers 5 de Phorlo- 
perie, 

5156. Rien ne devroit donc mĩeux faire ſentir la n6ceflits de nos compas de 
proportion que des methodes de meſures aufh ridicules par elles memes qu' im- 
propres a fixer aucun juſte rapport entre les mobiles en queſtion, pas meme 
a $et 10 degres de levees pres par aile, fi non par effet du pur hazard, 
tandis que Pon peut avec autant de precifion que de facilitẽ par nos ſuſdites ma- 
chines aller juſqu'a 4 et meme + ſoit 74 minute en degrẽ de levee par aile pres, et 
leur uſage et la maniere de s'en ſervir eſt au premier coup Ceri! fi aiſce à 
comprendre qu i ſeroit fort inutile d' entrer dans un plus grand detail à ce ſujet. 

934 — 17. 
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$ 17. It is not ſo eaſy to adapt theſe principles to our 
machines for all ſorts of pinions, numbers of teeth, and 
fizes of wheels, and generally to whatever acts by lever, 
or wheel and pinion, or whatever is fuſceptible of rela- 
tion, dimenſion, proportion, and compenſation, from the 
firſt to the laſt movers of a watch or clock; for the leaf 
fault, either in the ſyſtems or geometrical principles, Ir 


the mechanical execution, is as fatal as would be the put- 


ting down a cypher too much or too little in the ſolution 
of a problem; and the more fatal the more com Plicated 
the machine. | 


1 


5817. Il wen eſt pas de meme fur la maniẽre d adapter les ſuſdits principes 3 
nos machines pour toutes ſortes de pignons, de nombres et grandeurs de roues, 
et gencralement ſur ce qui agit par levier et engrenage, ainſi que ſur tout ce qui 
eſt ſuſceptible de rapport, dimenſion, proportion, et compenſation reſpectives 
depuis les premiers juſques aux derniers mobiles d'une montre et pendule; 
nous ſavons par experience combien de difference il y a entre le maniement de la 
plume et du papier à celui des inſtrumens mechaniques dont la conſtruction, ſur 
tout pour de ſemblables objets, exige la plus haute combinaiſon dans ſes parties, 
auſk bien que la plus grande precifion dans P'application des principes theo- 
riques; car la plus legere faute, ſoit dans les ſyſtemes ou principes | 
geometriques, ſoit dans Pexecution mechanique, eſt auffi grave que ſi oo 
poſoit un chiff e de plus ou de moins dans des ſolutions problematiques, a cette 
difference pres, que la derniere fera bien manquer le juſte reſultat, tout comme 
la premiere, mais que de plus celle cl i induira en erreur, ſuivant la complication 


des objets, juſques a Pinnni. 
818. 


bs 
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118. The conſideration of theſe difficulties has 
educed me hitherto to keep ſilence upon the general 
nftruction of theſe inſtruments; inſtruments, in my 


ginion, abſolutely neceſſary for the conſtructing of 
novements, ſets of wheels, and motions, either ** or 


iniſhed, according to the juſt proportions. 


wopoſition, that the true ſize or relation between a wheel 
nd its pinion is abſolutely fixed; and in no caſe whatſo- 
ver arbitrary, as thoſe who are not watch-makers might 
pretend : for all the reaſons which can be affigned in fa- 
your of this arbitrarineſs would be as vague and deſtitute 
of foundation as if one was to. conſider arbitrarily the 
true gradation of a ſteel-yard relatively to its weight, or 
the length of a- pendulum which ſwings ſeconds, whereas 


the 


Fenn 
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\ 18. La conſidẽration de ces difficultes nous a reduits juſques à prefent a 


under le ſilence ſur la conſtruction generale des ces machines devenues ſelon 
wis indiſpenſables pour diriger et conſtruire des mouvemens, rouages et Ca » 
(aftures bruts ou finis ſelon les vraies proportions requiſes. 

19. Nous õſons donc Etablir pour principe fondamental, que la juſte groſſe ur 


bit le pariait rapport entre une roue et fon pignon eft inconteſtablement fixe, 


lolu, et non arbitraire dans aucun cas, ainſi que tous autres que des horlogers 
kurroient le prẽtendre; car toutes les raiſons que Von pourroient allẽguer en 
eur de cet arbitraire, ſeroient auffi vagues et deſtituẽes de fondement que ft 
lon envilageoĩt arbitrairement la juſte graduation d'une Romaine ſoit Levrot rela- 
Wrement 3 fon poid, ainh que la longueur du pendul ; a ſeconde, tandis que ce 
dernier. 


919. But I make bold to ſet down, as a fundamental | 
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the latter is fixed by nature and the general laws of gra- 
vitation, and its vibrations are in the inverſe ratio of 
the ſquare roots of the lengths of the pendulums, which 
ſhould be neither more nor leſs than 36 inches 8 and 
| *ths of lines from the point of its ſuſpenſion to the cen- 
ter of the lens, &c. 

920. I have already {aid, that each pinion, of what 
| number ſoever, ought to raiſe its preciſe Portion of 
degrees, in order to operate in the moſt uniform mannet 
poſſible its required revolutions; conſequently, each 
tooth of a pinion of ſix muſt raiſe the bo? which form 
the aperture of its angles. 

$ 21. Let us ſuppoſe this pinion to have one line dia- 
meter, and the wheel which turns it to have 1 o lines 
and 72 teeth; then if, inſtead of a line which i is the due 
ſue 


7. 
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dernier eſt fixẽ par la nature ſoit par la loi dela peſanteur, et que ſes vibrations 
'exécutent dans la rapport invers des racines quarrees des longueurs du pendu, 
qui doit n'avoir ni plus ni moins que 36 pouces 8 et 7 de lignes me le point 
de fa ſuſpenſion juſques au centre de la lentille, &c. 

$ 20. Nous avons deja dit que chaque pignon, de tel nombre que ce ſoit, doi 
lever ſa portion preciſe de degres pour operer le plus uniformement poſhble ſes 
revolutions requiſes, par conſequent chaque aile d'un pignon de 6 doit lever is 
50 qui forment l'ouverture de ſes angles. 

§ 21. Suppoſons ce pignon d' une ligne de diametre et la roue qui forme fn 


engrenage de 10 lignes et de 72 dents, alors ſi au lieu d'une ligne qui eſt I 
& 
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(which, according to the rule of common meaſures, 
vould be imperceptible, ſince there is often much more 


t is evident, that upon every twelve revolutions there 
would be one wrong, conſequently ſuch a wheel of 12 


revolutions would, according to the — rule, inſtead o f 


12 teeth require only 66. 


$ 22. If then a pinion: of fix, inſtead of mise 60˙VÄ7 

ould raiſe 65*, there will not only be 30 in every re- 
jlution of a pinion entirely loſt.with reſpect to the ex- 
pence of the moving force, but the extraneous frictions 
g on in a continued progreſſion, a  infinitum, till a ſtop- 
page enſues, and this ſometimes after a long ſeries of irre- 
gularity. from the very beginning; a thing not at all ſur- 
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lte groſſeur de ce pignon, on lui donne une douzieme de ligne de plus (qui 
klon la regle des communes meſures ſeroit impereeptible puis-qu* entre les 
&ux extremĩtẽs de diverſes opinions et ſyſtemes, il y a beaucoup plus d' Ecart : 
tacore) il eſt Evident que ſur 12 revolutions il y en auroit une de mecompte, . 
fit une fois de ſon diametre, par conſequent une telle roue de 12 revolutions au 


leu de 72 dents, n' en exigeroit par la bonne regle que 66. 


par chaque revolution du pignon, non ſeulement en pure perte quand a Ja 


ge of the pinion, we give it the twelfth of a line more 


diſtance between the extremities of two oppoſite ſyſtems) 


{ 22. Si done un pignon de 6 au lieu de lever les 60* en leve 65, il y aura 


(epenſe de la force motrice, mais les frottemens Etrangers ſoit arcboutemens s aug- 
aAntent totours par progreſhon a Þ infini juſques a ce que Parret gen ſuive, et 
delqut fois pfbe une longue ſuite d irrẽgularitẽs depuis ſa naiſſance; on ne sen 

| ELONNTEA.. 
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prizing, if one conſiders the defectuoſity of the princ. 
ples upon which the greater part of theſe machine 
are conſtructed, vþ>”— : ; 

$ 23. Let us reckon only 2* more of riſe Per tooth, 
we ſhall find between the four pinions (that of the cen- 
ter of 10, and the three of 6) 8780 per hour, Which in 
30 hours form a ſum of Joſt labour for one complete 
hour.. . 185 . 
8 24. Who does not Tee that back an irregularity in 
the combination of A machine intended to meaſure time 
muſt be the more prejudicial, from the im poſſibility 
there is of eſtabliſhing any fixed rule with reſpect to a 
5 juſt and indiſpenſable relation * the movers and 
their reciprocal actions. 
9 25. A pinion which 1 is too ſmall i in proportion of the 


| diameter and diviſion of the wheel will not be able to 
raiſe 


r 


— ä — . 
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etonnrea pas, i ron confidere la defetuoſt "OY principes ſuivant Apes la 
plapart de ces machines d'horlogerie ſont conftruites — 
8 22. Que Von compte ſeulement deux degres de levee par aile de plus, on 
trouvera entre les 4 pignons (celui du centre de 10 et les 3 autres de 6) 87800 
par heure, ce qui forme dans 30 heures une ſomme de peines perdues, pour unt 
heure complette. 
524. Qui ne ſent qu un tel &cart dans la combinaiſon d'une machine deftinte 
pour meſurer le temps, doit etre d' autant plus prejudiciable que Pon ne ſauroit 
jamais établir aucune régle fixe, en faveur d'un juſte et FO rapport, 
entre les mobiles et leurs actions reciproques. 


$ 25. Un pignon trop petit en raiſon du diametre et dela diviſion de la roue 
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niſe the required degrees, becauſe the aperture of its 
angle does not anſwer to that of the teeth of the wheel: 

| for inſtance, a pinion of 6, which 1 is Zths of a line ſmaller 
than the true rule makes it, will raiſe only 5 5% when 
the tooth of the wheel has carried the tooth of the pi- 
nion as far as its extremity on the aperture of its angle 
allows, it is forced to leave it before the tooth which fol- 
lows is come to the ſame place from whence the oth er ſat 
off, conſequently it falls 5* which are wanting to its juſt 
riſe; this is what occaſions the precipitations of the ba- 
ace, which are fo diſagreeable to the ear, that one is in 
much greater haſte to correct them than to prevent the 
retardations which, no doubt, ariſe from the other extre- 
mity; that is being obliged to make a forced riſe, or a 
greater one than the true proportion of the diameters re- 


quires, 
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de pourra lever les degres requis, parce que Vouverture de ſon angle ne repond 
point à celui des dents de la roue; par exemple, un pignon de 6 de n de ligne 
plus petit que la veritable rẽgle le fixe, ne levera que 555 la dent de la rouc ayant 
mene Paile du pignon auffi loin que ſon extremite ou Fouverture de ſon angle le 
permet, eft oblige de Pabandonner avant que Vaile ſuivante arrive a la meme 
place d' od Pautre eſt parti foit de la ligne des centres, il fait par conſequent | 
une chüte de 5 qui manquent a fa juſte levee, C eſt ce qui cauſe les precipita- 
tions du balancier qui choquent ſi fort Pereille, C'eſt pourquoi on eſt beaucoup 
plas empreſſe à les corriger qu'à prevenir les lenteurs, qui fans doute provien- 
nent de Pautre extremite, parce qu*etant oblige de fairc une levee forcee ou plus 
grande que le juſte rapport des diametres exige, ils Eprouyent un contraſt ou 
Vor. LXVIII. 6 E arcboutement 


” vour of the ſmalleſt. 
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quires, they meet with an oppoſition occafioning this 
ſlowneſs infinitely more prejudicial than the precipita- 
tions. 

§ 26. The difference then which there is between a 
pinion that is too large, and one that is too ſmall, is, that 
the firſt will occaſion irregularities, but never a ſtoppage; 
whereas the latter will produce both the one and the 
other: conſequently, if one had no choice between theſe 
extremities of error, it would be better to declare i in fa- 


$ 27. Might it not with juſtice (as an ingenious clock- 
: maker obſerves) be objected to us, how uſeleſs a thing 1 it 
is to determine the right proportion in the relation of 
the diameters, whilſt the ſame defect of proportion ſab- 
ſiſts in a much higher degree in the general inequality 
i of 


— 
2 


—— 


2 


— — acti 6 w—_— — — — x — 


arcboutement qui occafionne cette leateur, abe plus prejudiciable que les 
| precipitations, 
$ 26. La difference donc qu Il y a entre un pignon trop petit ou trop gros elt 
telle, que le premier cauſera bien des irregularites mais jamais d'arrẽts, au lieu 
que le dernier produira Pun et Vautre, par conſequent fi l'on n'avoĩt d' autres choix 
que ces deux extremites de vices, il vaudrout mieux ſe. declarer en faveur du 
plus petit. 
8 27. Ne ſeroit on pas fondẽ 3 le remarque un horloger de genie) a 
nous faire la legitime objection, de Pinutilite qu'il y a à determiner la juſte pro- 
portion dans le rapport des diametres, tandis que le meme vice de la diſproportion 


ſubſiſte a a un plus haut point encore, _ Pirregularits generale de la diyiſion des 
2 roues, 
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of the Anon of the wheels which in our day has been 
carried to the heighth? I anſwer, that to form to one's 
ſelf a right idea of the important conſequences of a true 
or falſe diviſion of the wheels, it will be neceſſary firſt 
to enter into rather a greater diſcuſſion. 

8 28. The true and juſt diviſion of wheels and pinions 
zs, that all the teeth ſhould be at perfectly equal diſtances 
from each other, or at leaſt divided into ſo many per- 
fectly equal parts, which i is the ſame thing. 

F 29. Conſequently, a wheel of 60 teeth forms 60 
angles of 6 of overture each; if then, for inſtance, theſe 


6o angles are open at different degrees, that is to ſay, 
one half only at 4 or 5e, it is neceſſary that the other 
half ſhould be intermixed or opened at 7 or 8*; we mult 
remember that each angle of the wheel, no matter what 

number 


£ 
— — __—_ * 
ä — N a — a 


roues, qui aujourd*huy eſt portẽe a ſon comble; nous repondons que pour ſe 
former une juſte idee des conſequences importantes de la vraie ou fauſſe diviſion 
des roues il conviendroit W d'entrer dans un detail un peu plus conſi- 
derable, 
| F 28. La vraie et juſte diviſion * rouẽs et des pignons eft que toutes les dents | 
ou ailes doivent etre a des diſtances parfaitement cgales une de l'autre, ou bien di- 
niſees en autant de parties parfaitement ẽgales, ce qui eſt la meme choſe. 
5 29. Une roue de 60 dents, forme conſequemment 60 angles de fix degres | 
Vouverture chacun, fi done par exemple ces 60 angles ſont ouverts a differ ns 
degrẽs, c'eſt à dire la moitie ſeulement à 4 et 5 il faut neceſſaĩrement que Vau- 
ke moitié ſoit entremelec ou de ſuite ouverte à 7 or 8; Fon doit ſe rappeller 
dE2 que 
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number upon a pinion of ſix, muſt operate in a mutua} 

proportion the 60“ of rife by which the angle of the 
pinion is open; from whence it happens, that the angles 

of the wheel, open only at 5?, will raiſe only 60? above 
thoſe of the pinion; but, if they are open at 5, the riſe 
will be of 70 inſtead of 60. 

9.30. There are likewiſe a great number of defect 
which are increaſed two and three-fold by the uſual c con- 
ſequences attending wheel-engines, the ſmall tooth of 
_ whichis conftantly expoſed to become ſhorter than the 
large ones, in proportion of its ſize. This happens in 

the following manner; the file, which is to round eff, 
working on each fide equally, does not take more from 
the ſide of the large tooth than it does from the ſmall; 
conſequently, the ſmall one is ſharp whilſt the large one 


— — 
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que chaque angle de la rouẽ n' ĩmporte dequel nombre fur pignon de fix doit op- 
rer en mutuelle proportion les 60? de levees dont Pang.e du pign: n eſt ouvert; 
ton ſuit que les angles de la rouẽ ſeulement ouverts à 5, n'opereront que 50 
ſur ceux du pignon, mais que 8 ils ous ouverts a 7* la levee {era de 70 au licu 
de 608. 
& 30. Je ne parlerai pas d'un *concours de vices qui ſe double et fe triple 
par effet ordinaire des outils aux dentures, ou la petite dent eſt expoſee A deve- 
nir toũjours plus courte que les groſſes, en raĩ ſon de fa petiteſſe; cela arrive de 
cette mani? re, a lime a arrondir mordant des deux cotes également; n'emporte 
par plus d' c toffe du cote de la groſſe que de la petite dent, par conſequent il y 3 
encore du plat ſur la groſſe que la petite eſt deja Pointue, il faut neceſſairement 
+ | N raccourcir 
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gill continues flat, one muſt therefore ſhorten the wen 
woth in proportion ta the ſize of the larger. 
$ 31. When the teeth were uſed to be finiſhed by igual, 
there was great care taken to keep all the teeth of the 
ame length, even when it was impoſſible intirely to cor- 
ect or take off their inequality: in conſequence of this 
care, the wheel at leaft uſed to be always perfectly 
wund; whereas when the tool is uſed, the wheels are 
mavoidably as ill-rounded as they are unequal in their 
liviions, ſo that the teeth ought never to be finiſhed 
nith the tool, unleſs they are. thoroughly equally cut. 
$32. It is therefore eaſy to conceive, that the pinion 
becomes ſometimes too large, and ſom etimes too ſmall, 
upon the ſame unequal wheel, and that the angle of the 
tooth 


8 
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nccourcir la petite dent dans la meme proportion qu'il y a plus de matiere a la 
\ 31. Lors qu'on finiſſoit les dentures à la main on s' attachoit ſoigneuſe- 
nent à tenir toutes les dents de la meme longueur, meme lors qu'on ne pouvoit 
arriger ou remedier ẽfficacement à leur incgalite; la roue par cette precaution 
& trouyoit du moins toũjours parfaitement ronde, au lieu qu à Voutil les rouẽs 
leriennent inẽvitablement auſſi mal rondes qu'elles font inégales dans leurs divi- 
kons; en ſorte que l'on ne devroit jamais finir les dentures a Poutil a moins 
Welles ne fuſſent fendues parfaitement egales. 

\ 32. Il eſt done aiſẽ de comprendre que le pignon devient tantõt trop gros et 
—_ trop petit fur la meme rau? indgale. et ut n, a Vexces et que Vangle 
de 


tooth of 609 , being more or leſs open, produces an error 
of 10 degrees on the true riſe of the pinion. 

9 33. Let the arbitrary general practice be what it 
will, certain it is, that neither the degree of depth of the 
wheel and pinion, nor the fulneſs, nor the ſize of the 
wheel, can eſtabliſh any principle analogous to the har. 
mony and perfect agreement of the movers we are talk- 
ing c of, to wit, the true ſize of the pinion; even the moſt 
: perfect geometrical curve, ſuppoſin git practicable, could 
not make the pinion raiſe a minute more or leſs in de- 
grees, without A Juſt Proportion of their reciprocal dia- 


meters. 
934. It is therefore impoſſible to uſe too avvck atten- 
tion in confidering the relations and proportions of thedif- 
ferent movers which act by levers and wheel and pinion, 
 fince 
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de la denture de 60 ouvert d une degrẽ de N ou de moins, produit un Ecart de 
fo ſur la juſte levee du pignon. 
8 33. Qvuoi qu'il en ſoit du ſyſteme arbitraire et de la routine generale, il n'ya 
ni le fort ni le foible des engrenages, ni le plein ni le vuide, qui puiſſe etabli 
aucun principe analogue a Pharmonie et au parfait accord des differens mobiles en 
queſtion, ſoit la juſte groſſeur d'un pignon, la courbe geometrique meme la plus 
parfaite (quand elle ſeroit praticable) ne ſauroit non plus faire lever au pign0 
une ſeule minute en degres de plus ou de moins ſans le juſte rapport de leurs dir 
metres reciproques. 

$ 34. On ne ſauroit done aſſes prendre e en confideration la partie des rappott 


et des proportions des differens mobiles agiſſans par leviers et par engrenage⸗ 
pul 
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ince theſe are the moſt eſſential objects of clock- 
making. 

935. This rule artſin 8 from the center of the move- 
ples themſelves, for the which it is principally uſed, it 
zright to deduct one revolution of a pinion, in conſequence 
of the juſt balance or perfect equilibrio between them; 
whence it follows, that the retrenching a complete revo- 
lution of the pinion will take place only at the ſeventh, 
« at forty-two, which ſeventh too ſtrictly ſpeakin g is 
mly the ſixth, ſince the firſt revolution ought not in fact 
to be reckoned, being ſuppoſed to be in equilibrio with 
its aſſociate, the wheel of the ſame number and ſame dia- : 
meter; for the pinion making ſeven revolutions for one 
of the wheel, one may ſay with reaſon, that one active 
revolution of the wheel will make ſeven paſſive ones of 
the pinion, and deducting that of the wheel, the effec- 


— GW 
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Pus que ce fo les * les plus eſſentiels de Phorlogerie. . 
935. Cette regle ſortant du centre des mobiles memes qui font le principal 
diet de ſon uſage, il eſt de Vordre de deduire. une revolution du pignon en raiſon 
t a juſte balance, ou du parfait equilibre entr'eux, d'on il ſuit que le retranche- 
dent d'une revolution complette du pignon n'aura lieu qu'a la ſeptiẽme ſoit a 42 
Ju cependant à bien compter n'eſt que la G puis que la premiere. revolution ne 
hit point entrer en ligne de compte, étant cenſee faire equilibre avec ſa con- 
Me la roue du meme nombre et du meme diametre, car le pignon faiſant ſept 
Kolutions pour une dela roue, on peut dire avec raiſon qu'une revolution active 
e la roue en opere ſept pathyes du Pignon, e et en deduiſant celle de la roue, les- 


revolutions « 
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tual revolutions of the pinion remain at fix inſtead of 
ſeven, or elſe we muſt conſider the revolutions of the 
wheel with thoſe of the pinion as one to ſeven, of Which 
the juſt reſult i is fix. | 

$ 36. If then one wiſhes to know what the juſt de- 


duction required amounts to in every caſe, one need only 


divide the apparent diameter of the pinion by the num- 
ber of its teeth, and the quotient will be the juſt portion 
for each of its revolutions, which conſequently upon fix, 
makes the ſum of the entire diameter of the pinion of 
ſix, as is proved by the annexed table. 

$ 37. In caſe of neceffity one might conſider they re- 
volutions under two points of view; the firſt of them as 
active, and the other as paſſi ve. 


The 
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revolutions éffectives du pignon reftent 3 6 au lieu de , ou bien il faut conſ- 
derer les rẽvolutions de la roue avec ceux du pignon comme un a ſept et dont l 
juſte reſultat eſt ſix. 
8 36. $i donc on veut favoir à quoi 4 monte dans tous les cas la juſte dẽduc- 
tion requiſe, il ne Sagit que de diviſer le diametre apparent du pignon par le 
nombre de ſes ailes et le quotient fera la jufte portion pour chacune de ſes revo- 
lutions, qui par conſequent ſur fix fait la forme du diametre entier dont le pig: 
non de fix ſe trouve revẽtu, ainſi que le calcul de la table cy jointe en fait fo). 
8 37. Au beſoin on pourroit enviſager les revolutions ſous deux points de Wy 
ſgavoir les premieres comme Ne et les ſcoondes comme ice 


1, Les 


— a 
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The former ſuch as regard the duration of the motion 

or quantity of the vibrations. 

The others, whoſe object is ſolely the conſtant propor- 

ton of the diameters of the movements in agitation. 

4 38. In the firſt caſe one reckons for a revolution of 
the pinion as many times as it is contained in the num- 
ber of the teeth of the wheel; this mode of reckoning it 
b well known is abſolutely neceflary- for — the 

required concluſion. 
| { 39. The fame is not true with reſpect to the latter 
aſe, in which the revolutions of the pinion are only 
reckoned to fix the true proportions of their reſpective 
diameters. 

940. The harmony required between the two movers 
i the ſame as if they had contracted a perpetual alli- 
ance, 
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15 revolutions qui ont pour ciokje la a au mouvement ou la quantitE 
* vibrations. 5 
V. Celles qui ont uniquement pour _ les conſtants rapports des diame- 
tres entre les mobiles en queſtion. | 

{ 38. Dans le premier cas Pon compte pour revolution du pignon autant de 
fois qu il eſt contenu dans le nombre des dents de la roue; cette maniere de comp- 
ter eſt comme Von ſcait indiſpenſable pour obtenir le reſultat qu'on demande. 

939. Mais il n'en eft pas de mEme du dernier cas ou les revolutions du pig- 
101 ne ſe comptent que pour fixer les juſtes Wa de leurs diametres reci- 
proques. 

F 40. Lharmonie requiſe entre les deux 8 en queſtion eſt telle que s ils 
oient contractẽs une alliance perpetuelle a ſe maintenir mutuellement dans le 
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ance, to hold conſtantly the ſame proportion - towards 
each other, juſt as if they were always in perfect equi- 
librio. 

$ 41. However it be that this centrifugal law ſeems to 
adapt itſelf to the uſe one deſires to make of it, it is not 
the leſs fixed and permanent; nor can it ever occaſion 
the leaſt error, provided only that the wheel pays its pe- 
riodical tribute of deduction in favour of the pinion; in 
that caſe it will be equally in the ſame proportion at the 
end of one revolution and of a hundred thouſand, © 

$ 42. In a word, the whole myKery: of this golden 
rule is compriſed within the true-and the apparent dia- 
meter of the pinion; whence it follows, that the deduc- 
tion poſitively required is exactly che exceſs of the appa- 
| rent diameter above the true one; a deduction which for 
” pinion 
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| meme rapport 1 un certain retrancheiment) tout comme 5 ils croient 
toũjours dans leurs parfaits equilibres. 

8 41. Qyoi que cette reg'e centrifuge paroifſe vac commoder a l'uſage 
que Fon en veut faire, elle n'eſt pas moins droite et permanente et ne peut 
jamais induire-dans la moindre erreur, pourvũ toutefois que la roue paye fon 
tribut periodique (it de dẽduction) en faveur du pignon, elle ſe trouven 
alors auſſi bien dans le meme rapport au bout de cent mille revolutions qu elle 
Ietoit a la premiere. 

$ 42. Enfin Von ſaura que tout le miftfre de cette regle d'or, conſiſte entre le 
diametre vrai et le diametre apparent du pignon, d'où il ſuit que cette deduction 
abſolument requiſe eſt poſitivement la portion dont le diametre apparent excede 

du 
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| 2 pinion of ſix is a ſixth part of its diameter; for one of 
ſeven, a ſeventh; for one of eight, an eighth; for ten, a 
tenth; for twelve, a twelfth, and ſo on of all the movea- 
dbles ſerving for pinions. What is meant by a pinion in 
watch-making is that moveable which is ſet in action by 
mother of a greater number of teeth, and communicates 
its motion ſucceſſively to the laſt of them; hence all the 
pinions relatively to the ſhape of the teeth of the wheels 
and pinions require an addition of the true diameter, and 
| that is what is properly called the apparent diameter. 
$4 3. We muſt, however, except the rochet pinions, 5 
becauſe the whole primitive raclius nearly as far as the 
extremity of the tooth is run over by the point of 
the tooth, which is of a rochet form, as well as the 
tooth of the pinion. But whatever advantage theſe 
nts rochet 3 
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du vrai, , deduRtion « qui pour pignon de fix eſt la ſixiẽme partie de fon diametre, 
pour pignon de 7 la.7*, pour 8 la $*, pour 10 la 10˙, pour 12 la 1253 ainſi du 
reſte de tous les mobiles ſervant de pignon; Von entend dans Phorlogerie par le 
mot de pignon, ce mobile qui eſt actionnẽ par un autre plus nombreux, et qui 
communique ſucceſſivement le mouvement, juſqu'au dernier des mobiles; 4. £ qui 
fait que tous les pignons, relativement a la nature des engrenages, exigent un 
exe.dent du diamétre vrai, que Pon peut nommer a juſte titre, le diametre 
apparent. 

\ 43. Toutes fois, il enfaut excepter les pignons a ; rocher, parce que tout le 
yon primitif, juſqu'a Vextremite de Vaile a tres peu de choſe pris eſt parcovru 
par la pointe de la dent également formee en rochet tout comme Vaile du pignon; ; 
— 6 F mais 


980 Mr. LE CERF on @ new-invented 

rochet pinions ſeem to offer themſelves with, in conſe. 

quence of a theory founded upon the advantage of the 
_ uniformity of the frictions, experience teaches that, in- 
' dependently of the difficulty there is in the execution, 

this ſort of pinion is much more vicious than the other; 
it is conſequently quite out of uſe. 

944. I think it not at all requiſite to anſwer the vague 
objections which the friends of the arbitrary method 
may ſupport their ſyſtem by: it is enough. for me, that 
almoſt all watch-makers are agreed upon the fulneſs of 
different pinions, and on the form of their teeth, to leave 


the neceſſary ſtrength and conſiſtence, which, for a pi- 
nion of ſix, comes to nearly a ſixth part of the diameter; 


for one of ſeven, to a ſeventh; : one of cight, to an ei eighth; 
done 


mais avec quelque avantage que ces pignons i rochet ſe prẽſentent à nötre idet 
fondẽe meme ſur une theorie bien raiſonnee en faveur de Puniformite des frotte- 
mens, experience nous demontre, outre la grande difficulte dans Pexecution, 
que cette ſorte de pignon eſt beaucoup plus aces pe. les autres; aufſi n en fait 
on preſque plus a ſage. 

844. Nous nous eſtimons tres diſpenſe. de repondre ou de 3 toutes les 
objections vagues, que les partiſans de Parbitraire pourroient allẽguer en faveur 
de leur fiſteme; il ſuffit que preſque tous les horlogers ſont d'accord fur le point 
de vuidage des differens pignons et ſur la forme de leurs ailes, pour en laiſſer la 
force et conſiſtence neceſſaire qui ſe reduit pour pignon de 6 à tres peu de choſe 
pres à la 6* partie de ſon diametre; pour pignon de 7 à la 9*; pour 8 à la d 

— 
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ne of ten, to a tenth, c. The moſt ordinary work- 
man is able to judge at firſt ſight, whether the pinion is 
ep and open to the center as it ought to be, and if the 
wheels are of a proper flatneſs, &c. 
645 · And though there fhould be ſome little varia- 
ton as of ſix to ſix and a half, and from ſix to five and 
2 half per tooth of a Pinion of ſix; this difference, 
though very ſtriking to the ſight, would not either in- 
creaſe Or diminiſh the apparent diameter by even a forty- 
eghth, whence ſtrictly ſpeaking there would only be a 
wenty-fourth part of a tooth, more or leſs, which would 
niſe about two-thirds of a degree per tooth, ſo that one 
may in fact look upon all objections of this nature as 


being as vague as they are groundleſs. 


Jour 10 à la 10 &c. Vi que le plus fimple ouvrier en ce genre eſt affes habile 
pour juger du premier coup d'oil, fi un pignon eſt enfonce et vuĩdẽ à fon point, 
ft ſi le ailes ſont bien forme en planches, — 

V45- Quand il y auroit meme quelque petit Ecart comme de 6 à 61 et de 6 à 
par aile, d'un pignon de fix, cette difference, .quoi que tres frappante a la 
le, n augmenteroit ni ne diminueroit fon diametre apparent, pas ſeulement dun 
d od il reſultEcoit a toute rigueur ſeulement la 24* partie d'une dent de plus 
ud moins qui opereroit environ 2 de degre de levee par aile; de ſorte que l'on 
Pratt judicieuſement enviſager les objeQions de cette nature comme auſſi 
dees qu inconſẽquentes. 
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$46.1 ſhall not ſtop to give leſſons upon the fixing 
of the true point of the depth, becauſe every Workman 
or finiſher muſt know from the firſt elements of this 
theory, that the right depth muſt begin upon the tooth 
which divides the line of center; that is, that in every 
caſe, whether of two ſmall or two large pinions, one 
mult look for the middle of the two extremities, and fix 
the point of their depths, when theſe two movers run 
the moſt eaſy. Let only, I ſay, this ſame method be pur- 
ſued with reſpect to pinions of juſt ſize, by carrying on 
the depthening a little too far till one perceives a {mall 
fall, and then carrying it to a diſtance again to make this 
fall diſappear, all the requiſites for a good and perfect 


depthening will be found united; for the pinion being 
in the due proportion with its tooth, the lead or depth 
| 88 e „ 


— 


§ 46. ſe ne m'arreterai point 1ci pour donner des leg5ns fur la fixation du vrai 
point des engrenages, puiſque chaque ouvrier ſoit finiſſeur doit ſavoir ce la pat les 
premierselemens de cette theorie que I'attouchement ou la menee doit commencer 
ſur Paile partageant la ligne des centres, en ſuivant meme leurs marottes ordi- 
naires; c'eſt a dire qu'un doit chercher dans tous les cas loit pour pignons trap 
petits, le milieu des deux extremitẽs et fixer leurs points d engrenages ou ces deux 
mobiles roulent le plus doux; que l'on ſuive dis- je, ſeulement la ineme methode 
a legard des pignons de juſtes groſſeurs en pouſlant Pengrenage un peu trop en 


avant juſques a ce que ion $'appergoive d' une petue chũte, et en l'eloignaut c-. 
ſuite pour fajre diſparoitre cette chũte; toutes les conditions d'un bon et partait 


engrenage $'y trouveront reunies, car le pignon étant dans fon vrai rapport, avec 
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an only begin ſucceſſively upon the central line, as like- 
wiſe the operation of the riſe in ſo many required de- „ 
ores between theſe two moveables, the proof of which 4} 
may be evidently demonitrated by the inſtrument made 
with tWO parts of a circle, in which the arc of the riſe, 


run over by each of the movers, is diſtinguiſhable to one 
half, one quarter, and even one eighth of a degree. It 
would certainly be ſuperfluous to point out the manner 


of operafing with ſuch a machine, ſince all, thoſe, who 
have any notion of the method of uling mechanical and 
mathematical inſtruments will immediately ſee what is 


Ineant. | 
$47. But Gould any body doubt of the reality, the 
oi utility, or the importance of this rule, the means of ſa- 
hi tbtaction are offered by the experiment of the degrees of 
m 5 
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ral BY we, Pattouchement, ou la mente ne peut du moins que commencer ſueceſ- 
ivement ſur la ligne centrale, ainſi que Fopè ration de la levee en autant de de 
cer pes requie, entre ces deux mobiles, dont la preuve ſe peut demontrer d'une ma- 
nere evidente par Vinſtrument à deux portions de cercle, ou Parc de levee par 
ou par chacun des mobiles, ſe diſtingue juſqua 45 I, et meme a 3%, d'un 


ei tepre pris; il ſeroit ſans doute tres ers d indiquer la manicre * ſur 
ode BY u dite machine, car toutes les perſonnes qui auront quelques connoiſſance et 
q Pique pratique des inſtrumens de mechaniq ue ou mathematique verront au pre- 
" ner coup d'ceil de quoi il s'agit. 

aa $47. Au reſte fi quelqu'un vouloit revoquer en doute la realite, Putilite, et l'im- 
J prtance de cette regle, on offre les moyens à tous ceux * le defircront, d'en 


— faire 


984 Mr. LE CERF on @ neto- invented | 
riſe required. This will convince every body, as it ha 
.convinced the author, who both looks upon this opera. 
tion as the beſt touch-ſtone, and conſiders it as an axiom 
equally new and eaſy for the reſolution of a problem 
which has been an object of debate amongſt watch. 
makers for above a century. 
8 48. The author thinks too, that this rule is e 
ble to all pinions whatſoever. The pinion of fix ha 
been choſen for the experiments, as inconteſtibly the 
2 moſt vicious; ſo vicious that, in my opinion, it deſerve 


. the fate of the pinion of five, eſpecially for very 9000 
watches, which perhaps will be ſtill better made out 
when one comes to know the gradual difference there 1 

between 
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faire experience par les degrẽs de levees requis; pour s'en convaincre indubit- 
blement tout comme Pauteur, qui eſtime à juſte titre cette operation comme la 
meilleure pierre de touche et meme qui la regarde comme un av ĩome aufſi facit 
que nouveau, pour reſoudre fans replique un probleme qui depuis plus un 
ſiecle a fait un objet de debat et de conteſtation dans Phorlogerie; par ce qu 
Pincertitude des vrais principes a ẽtẽ une ſuite preſque generale Julques 3 a 05 
jours 17773. ainſi que experience le demontre Evidemment. 
§ 48. L'auteur penſe au reſte que cette regle eſt applicable à tous les nombres 
et pignons quelconques; et pour plus grande furets de preuve dans les different's 
experiences, Pon a choiſi le pignon de fix comme etant fans contredit le pi 
vicieux, ou le moins avantageux de tous les autres; auſſi a mon avis meritcroit 
il le meme ſort que le pignon de cinq, fur tout pour des montres de qualite, ce qi 


ſe verra peut-etre dans fon temps quand on connoitra la difference graduelle qul 
| Et 5 ſe 
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tween each pinion, which will be amply proved 
by ſome experunental obſervations of ſome friends of 
mine on the 1 and practice of watch-making in 
general. 5 | 

$ 49. I will not, however, pretend that my in- 
trument is not {till * of ſeveral uſeful improve- 
ments. 

$ 50. But ! ſubmit the at wanker with the com- 
paſs of proportion, to all ingenious and well-informed 


ntion ents. 


ſe trouve entre chaque pignon et qui ſera amplement detaillee dans les obſerva- 
tons experimentales de MM. L. C. et P. ſur la theorie et ſur la Pratique de 
Ihorlogerie en general. 

(29. Malgre des preuves auff authentiques et auſſi convainquantes de la 
ralits de mon ſuſdit expoſe, je n'oſerois cependant pas dire que la machine 
ne ſoit pas ſuſceptible d'une plus grande perfection et de diverſes additions 
wantageuſes. 

50. En attendant on , avec une dne re canfiance cette Ns inf 12 
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rapporteur ele, I Tas des E banc qui peuvent en etre juges 
competens, pour en obtenir Papprobation en faveur des vrais principes, et pour 
fxciter emulation fi nẽceſſaire dans Phorlogeric ; Si au contraire cette approba- 
tion n'a pas lieu, on demande une refutation en bonne et due forme. 


Vor. LXVIIL, _ — = 51. 


perſons, either for. approbation or full confutation of my 
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8 51. And though the uſe of the compaſs extends to 
a great multiplicity of objects, I have only mentioned the 
moſt intereſting ones with regard to watch: making. Ob- 
ſerve that each pinion has its particular diviſion upon the 
branches of the inſtrument, and that each column i is di- 
rected by the number of pinions from ſix to twelve. 
$ 52. The line or moving branch, which croſſes the 
two branches of the compals, i is divided according to the 
French foot in inches, lines, &c. to a 48th or 36th of a 
line; fo that one may know at one and the ſame time 
both the true proportion of the different diameters, and 
their preciſe {izes. If one wiſhes to know the ſize of a 


wheel for a pinion of a given thickneſs, one puts the pi- 
nion 


S 51. Quoi que l'uſage de nötre ſuſdit compas s'ẽtende ſur une multitude 
d' objets, on a ſeulement cite les plus intẽreſſans relativement a Phorlogerie ; on 

obſervera que chaque pignon a ſa diviſion particulicre ſur les branches de la ma- 

chine et que chaque colomne eſt K par le nombre des pignons depuis 6 
Juſques 3 > Mz 
98 52. La ligne ou branche mouvante qui croiſe les deux branches du compas 
porte la diviſion du pied de Roi, en pouces, lignes, & &c. juſques à à un 482 ou 36 dou- 
ziẽmes de ligne, car une ligne à la machoire donne un pouce fur la dite diviſion du 
pied; en ſorte que Von peut ſavoir tout d'un tems et le jufte rapport des differens 
diametres et leurs grandeurs preciſes, &c.; fi Pon veut ſavoir la grandeur dune 


rouẽ pour Pignon d'une groſſeur donne: on fait entrer le pignon juſte entre les 
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nion between the jaw, and one carries the divider to the 
number of teeth which the wheel muſt have atid the di- 
viſion of ſuch a pinion indicates, then putting the divider 
of the other branch facing the aperture of this an gle 
vill indicate the juſt ſize of the wheel: for inftance, if I 
have a pinion of fix, and want to know what thu be 
the thickneſs of a wheel of ſixty teeth, relatively to the 
proportion of the ſaid pinion, I take the juſt meaſure of 
the pinion by the jaws, and put the divider upon'60 of 
the column or diviſion of the pinion of fix, and the other 
divider facing, then the aperture between the points of 
the divider, i is the fize of the wheel. The fame opera- 
tion takes place in all the other pinions, accordin g to their 
numbers, with this proviſo, o, that * muſt do the reverſe 

when 


deux machoires ou pinces et on mene. le coulant ſur le nombre des dents que la 
roue doit avoir et que la diviſion d'un tel pignop indique; et en mettant le cou- 
lant de l'autre branche vis à vis, Vouverture de cet angle indiquera la juſte gran- 


| deur de la roue; par exemple, fi Jai un pignon de fix et que je veuille ſavoir de 


quelle groſſeur une roue de 60 dents doit etre relativement au rapport du dit 
pignon, je prends la mẽſure juſte du pignon, par les machoires, et je mets le cou- 
lant ſur 60 de la colonne ſoit de la diviſion du pignon de fax, et Pautre coulant 
V3 à vis, alors Vouverture entre les deux becs des coulans eſt la grandeur de la 
rue; la meme operation a lieu pour tous les autres pignons ſelon leurs nombres; 
bien entendu qu'il faut faire oppoſe lorſqu on a une grandeur de roue donnee et 

6 G 2 que 
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when the ſize of the wheel is given, and you Want tg 
know the thickneſs of the pinion. The ſame thing 
holds for the meaſure of the vargeous palets, the balance 
wheel, the cylinder and its wheel, the fuſee and barrel, 
the pivots, and, . pct whatever 7 requires 

dimenſion. 
$ 53- In order to find mmediately the true proportion 
bet ween the ſlide wheel and the curb, you muſt put tae 
ſlide wheel upon the number you wiſh. it to have of the 
diviſion of the pinion. of ſix; afterwards (without moy- 
ing the head of the compaſs) you ſeparate the moveable 
dividers tilt the wheel of the curb is exactly upon it, and 
it is on the number of the diviſion of the pinion of ſix, 
indicated by the divider, that the curb muſt be ſlit. 
954. One maſt obſerve, that the diviſions of the pi- 
nions of ten and twelve is the ſame upon the two 
5 | branches; 


K 


1 _ 1 * — _ 4. a. 


que Fon veut ſavoir la groſſeur du pignon; it en eſt de meme pour ha meſure des 
palettes de verges, de la rout de rencontre, du cilindre et de fa rout, de la fuſee 
et barillet et des pivots, et generalement de tout ce qui exige dimenſion. 

$ 53. Pour trouver auſſi töt le juſte rapport entre la rouẽ de roſette fur le 
rateau ſoit la couliſſerie, il faut mettre la roue de roſette ſur le nombre que Von 
fouhaite qu'elle aie, de la div iſion du pignon de fix, enſuite (fans *. la tete 
du compas) Pon eloigne les coulants juſques à ce que la rouẽ de rateau s' trouve 
_ juſte, et Ceſt ſur ce nombre de la diviſion du pignon de fix que le coulant in- 
dique, que le rateau doit ẽtre fendu. 


$ 54+. Il faut obſerver — la diviſion pour pignon de 10 et de 12 eſt de meme 
| {ur 
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ranches; this is done the more eaſily to put the two 
ſiders facing each other in all caſes. 

When one wiſhes to meaſure pieces which are larger 
than the aperture of the jaws allows, one puts the ſliders 
on the edge of the ſmall points when there 1s a hole in 
the middle of the branches where the aperture of the 
wgle is only a fixth part of the diviſion of a foot, that is,, 
if the angle upon the diviſion of the foot i is fix inches 
open, that of the middle will be only one inch and ſo 
1 A — 
9 55. As to the other machine of braſs, with two por- 
tions of a circle divided as far as half a quarter of a de- 
ge, one may with the greateſt preciſion verify upon it 
the true proportion or thickneſs of the pinions by the 
188 of riſe *., * making the different wheels 
from 


— — 


— 


fr les from heanckos, et cela pour mettre = plu facilement dans 1 tous les. cas les 
coulans parfaitement vis à vis. ” 
Lorſqu'on voudroit meſurer quelques pidces plus grande que Pouverture de 
machoires ne le permet, on. met les coulans ſur le bord des petits points ou il y a 
n trou au milieu des branches ou l'ouverture de ſon angle n'eſt que la ſixieme 
partie de celui de la diviſion du pied; Ceſt a. dire ſi Vangle ſur la diviſion du 
pled eſt ouvert à fix pouces, celui du milieu ne le ſera qu'a un pouce, ainſi du 
reſte, 

5 55. Quant 3 a Tautre machine en leton à deux portions de cercle diviſẽe 
pſques à un demi quart de degre; Von peut y verifier avec la plus grande preci- 


, le juſte ragport des pignons foit ue par les degres de levees requiſes, 
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from 12 to 120 operate upon the ſame pinion the de. 
grees of riſe required. Theſe wheels exactly follow the 
dimenſions of the rule we are ſpeaking of. Nobody will 
doubt but that the ſame experiments upon all the ocher 
pinions will be equally demonſtrative and convincing ay 
thoſe upon the pinion of fix. 

$ 56. This machine may be likewiſe uſeful 1 in FIVE 

: mining with great preciſion the figure of the curve of 
the teeth of the wheels, that is, by placing the additional 

= ſemi-circle upon the center of the wheel, and putting a 
needle upon the axis, one will obſerve, if the needle of 
the pinion of fix goes regularly through the ten degrees 
whilſt that of the wheel is going through one only; if 
not, one will ſee {very diſtinetly the irregularity of the 


curve, 


— 1 —— 
1 1 


cet principalement pour ſe convaincre de la realite de notre ſuſdite regle, en fa- 
| fant operer les differentes routes depuis le nombre de 12 juſques à 120 fur le meme 
pignon les degres de levees requis; ces roues ſuivent exactement les dimenſions 
de laregle en queſtion; on ne doutera fans doute pas que les memes experiences 
fur tous les autres Pignons ne ſerotent pas moins demonſtratives et convaincantes 
que celles ſur le pignon de fix. 1 
F 56. Cette machine peut encore ſervir pour determiner avec une grande pre- 
ciſion la vraie figure de la courbe des dents de la rout ſcavoir en poſant le demi 
cercle poſtiche ſur le centre de la roue, et en mettant une aiguille ſur Taxe ou 
Tarbre; on obſervera fi Taiguille du. pignon de fix parcourt reguliẽrement les dix 
degres pendant que celle de la roue ren parcourt qu'un, fi non on verra tres 
diſtinctement la difformite de la courbe pour lui donner la forme requiſe, pour 
 operer 
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gurve, in order to the giving it the requiſite form uni- 
formly to operate the degrees of riſe upon the teeth of 


the pinion, which comes very nearly to the geometrical 


curve, the operations of which are not to be underſtood 
by all watch-makers as this inſtrument may be. 

$ 57. Every body ſees that the curve of a wheel of 
120 teeth muſt naturally be one half ſhorter than that 
of one of 60, ſince it goes only through three degrees 


whilſt the tooth of the pinion goes through 60. The ſame 


holds in every caſe in which the curve of the tooth muſt 
be figured, according to the degrees i it goes over in its 
axis, to operate upon the wheel of any pinion whatever | 
that arc of the riſe the moſt uniformly poſlible, and in 
order to join theſe advan tages to others ſtill more conſi-- 
(erable, it will be uſeful to make. uſe of wheels and pi- 


nions ; 


W 


— —̃— 


operer avec uni formitẽ les degrẽs de levees ſur Paile du pignon, ce qui revient a 


peu de choſe pres a la courbe geometrique dont les operations ne ſont pas: de la 


eompètence de tous les horlogers comme le ſeroit cet inſtrument. 


que 


5. On ſent bien que la courbe d'une rouẽ de 120 dents doit etre naturelle- 
ment plus courte de la moiti que celle de 60 puis qu'elle ne parcourt que 3 
pencant que Vaile du pignon en parcourt 60, &c. Il en eſt de memes dans tous 
es cas on la courbe de la dent doit ẽtre figurte ſelon les degres qu'elle parcourt 
ur ſon axe pour operer ſur Paile d'un pignon quelconque, Varc de levee le plus 
un. formẽment poſſible; et pour reunir ces derniers avantages a d' autres plus con- 
urables encore, il convient de faire uſage des pignons et roues auſſi nombreuſes 
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nions with as great a number of teeth as the greatneſs of 
the caliber permits. By this means one not only comes 
nearer the true geometrical curve; but one reduces the 
Teſiſtance and preſſure upon the axis of the moveable to 
the leaſt term poſſible. 
8 58. As to the true point of the opening of the teeth 
this is my rule. I take rather a ſoft file, in thickneſs fix 
and a quarter of its diameter for a pinion of ſix, ſeven 
and a quarter for one of ſeven, eight and a quarter for 
one of eight, ten and a quarter for one of ten, twelve 
and a quarter for one of twelve, and ſo on; and I believe 
that this rule may be the eaſieſt for the preſervation both 
of the beſt figure of the curves and the neceſſary force 
of their teeth. Juſt as the thickneſs of the teeth of 
pinion of fix muſt be the ſixth part of its diameter; that 
3 of 


— — — 


- FR 
—_ _m— 


PF. 


que la grandeur du calibre le permet; par ce moyen on 8 *approche non ſeulement 
de la vraie courbe geometrique, mais on reduit encore la reſiſtance et Ia * 
fur Paxe des mobiles au moindre terme poſſible. 
8 58. Quant au juſte point de vuidage de la denture des rouẽs de tel nombre 
et grandeur quelconque, voĩci ma regle: je prends une lime ou fraiſe pas trop 
rude de PFepaifſeur pour pignon de fix, la 6* et Z de ſon diametre; pour 7 la? 
et 4; pour 8 la 8* 1; pour 10 la 10*Z; pour 12 la 124; ainfi du refte pour 
tous les autres; et je crois que cette regle pourroit etre la plus facile et la plus 
analogue pour la conſervation et de la meilleure figure des courbes et de la force 
nẽceſſaire de la denture, tout comme 'epaiſſeur der ailes d'un pignon de 6 doit 
4 — etre 


f 
5 
ie 
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of the pinion of ſeven, a ſeventh; one of eight, an 


eighth; and fo on, for any number of pinions whatever. 
Juſt in the ſame manner as the length of the teeth of 
the wheel, which ſhall be exactly the aperture of their 
angles, or (which comes to the ſame) half the diame- 
ter of its pinion of fix, three ſevenths for a pinion 
of ſeven, three eighths for one of eight, three tenths 


for one of ten, three twelfths, o or a quarter, for a pinion 


of twelve, and ſo on. 
959. To obſerve a ſtill more regular order, it would 
be likewiſe extremely proper that all the pinions of a 
watch or repeater, except the centre. one, ſhould be of the 
lame thickneſs; ; hence will ariſe many advantages both 
in the execution of the rough and finiſhed work, which 
al * more fully of * ſome other occaſion. 


* 


1 2 — ä —— n 2 


. ; 11. 


tre la 6* partie de "a diamètre; pour pignon de 7 la 77 pour 8 la 8 ainſi de 
ſuite pour tous les nombres de pignons que ce ſoit, Auffi bien que la longueur 


| des dents de Ja roue qui ſera poſitivement de Pouverture de leurs angles, ou ce 


qu eſt la meme mn la moitiẽ du diametre de fon pignon de fix les 5** pour 
penon de 7, les 3 pour 8, les 1 * pour 10, les 5: ſoit le quart pour pignon 
ie douze, ainſi de ſuite. 8 

y 59. Pour obſerver d autant mieux et à tous ẽgards une faite Yordre, il ſeroit 
wſhi tres à propos, que tous les pignons d'une montre ou repetition (exceptẽ celui 
tu centre) fuſſent de la meme groſſeur; d'ou reſulte divers avantages ſoit dans 
execution du brut, ſoit dans celui du finiſſage, dont on parlera plus ample- 
dent 2 la premier: occaſion, 
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MIV. New Experiments upon the Leyden Phial, reſpeci- 
ing the Termination of Condueiors, By Benjamin 
wilſon, E/q. F. R. . | : on 


Read July , IN the Lech volume of the Philoſophical 
hm" Tranſactions there is a paper of Mr. HEN - 
175 upon thi ſubject of conductors, wherein are con- 
tained ſeveral experiments, intended to ſhew that pointed 
terminations are preferable to 5 pherical ones for ſecurin 8 
huildings, &c. from accidents by lightning. 

Upon thoſe experiments I made {ome obſervations, 
and particularly upon the fifth, where a point and ball 
vere placed at the ſame diſtance from a ſphere of cop- 
per, ſo as to make part of the circuit in the Leyden ex- 
periment “). In the deſcription of that experiment I 
objected to the two chains employed therein, becauſe | 
the metallic communication was, by that method, conſi- - 
lerably interrupted, on account of a want of contact be- 
deen the ſeveral links compoſing the chains. I did not 
then repeat the experiment becauſe the particular cir- 


cumſtances attending the Leyden Phial appeared, in my 
(a) Frnker Obſervations upon Lightning, by 8. WILSON, publiſhed in 


Phil, Tranf, for the year 1774. : 
| judge- 


N , 9 
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judgement, very unlike what happens in nature; and 
therefore 1 contented. myſelf with pointin g out the ſe. 
veral circumſtances; in which, they differed; and. i in ob- 
ſerying that, according to Mr..HENL L's; account, the Point 
did not. protect the rounded end from. being firuck, 
which. it qught to have done, if Dr. FRANKLIN' 8 Phil 
ſophy was well-founded. 
Since that time an occaſion has offe: ed 
neceſſary, to try this particular experiment. The — 
alluded to aroſe from a late inveſtigation of Mr. RAE 
experiments by Dr. MuscRAVE, who was deſirous of 
having that experiment repeated; becauſe (as it ſtood in 
Mr. HENLx's account) it ſeemed to contradict a conſidera- 
ble part of the doctor's reaſoning. 
Not being furniſhed with an apparatus to make | the 
experiment, I requeſted the favour of Mr. CAVALLO to 
aſſiſt me with his; and though it was not ſo compleat for 
the purpoſe as could be wiſhed, yet it anſwered ſuth- 
_ ciently well to ſhew, that an attention to the circum- 
ſtance of a perfect communication in this experiment 
was very material to diſcover the truth; and, that the 
want of it had, probably, occaſioned the ball being ſtruck 
in preference to the point, as related by Mr. HENLY : for 
upon employing a wire inſtead of the chains, the ;pointy was 
ſtruck at more than three times the diſtance of the ball. 
Seeing 


er the Leyden Phiat. e 
| Seeing i great a difference between the two experi- 
nents, I ortleted: ſuch an apparatus to be made as 1 
thought would be the leaſt exceptionable for the pur- 
poſes of determining the fact upon which theſe different 
appearances ſeemed to depend; namely, a perfect and an 
imperfect circuit of communication with the Leyden 
a 

In the contriving of this inſtrument it appeared ma- 


LANE'S electrometer, that the ſeveral experiments to be 
tried with it might be — with each other in a 
more accurate manner. 
The circuit of communication was divided into two = 
parts. A bent rod of braſs, with a ball of the ſame me- 
tal, three quarters of an inch in diameter, ſcrewed on to 
the upper extremity: of it, and a copper ball, five inches 

in diameter, ſcrewed on to the lower end, formed one of 
| the parts. This part was ſupported by a ſtand of wood 
that had a cap of braſs at-the top, into which the braſs 
rod was occaſionally ſcrewed. 'Y 1 
The other part of the circuit conſiſted 1 2 braſs rod 
alſo, one end of which branched out in the form of a 
fork with two prongs, that pointed towards the center of 
the copper ball; and thoſe prongs were ſo conſtructed, 
Vol. LXVIII. 61 that 


terial, in order to have it anſwer the ſame end as Mr. 
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that either of them couldihe rag honey jul 


as the experiment required? :- On the end of one of the 
prongs was fixed a ball of braſs, three quarters of an 
inch it diameter, and on the other: arſharpiſteel point or 
| Needle. The ſhoulder of 'this'fork ſcrewed:into-a fmalj 
plate of iron that was fixed on the inſide of -a:wouden 
veſſel, which contained the greateſt part of a cylindrs 
cal glaſs j jar twelve inches and three quarters high, and 
about four inches in diameter. This glaſs was rather 
thick than otherwiſe, and the coatin g of it (which 

Was tin- foil) meaſured nearly 144 ſquare inches on 
each ſurface. Beſides this coating, part of the inſide 
of the wooden veſſel was coated: alſo With tin-foil, 

for the purpoſe of making A ſecure communication 
between the iron plate and the outward coating of the 

jar. Within the jar itſelf was fitted a cylinder af 
_ wood, that was covered with tin-foil alſo, to make a com- 
munication between the inſide coating of the glaſs and 
braſs rod that was fixed upright in the center of the 
wooden cylinder. This upright rod having a ball of 
braſs at the end, three quarters of an inch 1 in diame- 
ter, was bent towards the firſt part of the circuit: ii 
that the two balls A and n in plate XVIII. fig. 2. being 
. a * . towards each other, hut Were 
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Erteb from time to time at different diſtances, as occa- 
— and thus anſwered the _ of an elec- 
nter zin? . 

„ Wnüd mie een was > avi Dr. LIND pro- 
we to Mr. CAVALLO and myſelf, that we ſhould ſee 
ſome experiments at his houſe which he had made in 
* of thoſe we had before tried at Mr. A- 
n NE . 
The apparatus he ante uſe of was but ana (fee : 
fig. 1. ); for the phial contained very little more than a 
pint, and the coating on its outward ſurface meaſured 
ao more than thirty - nine ſquare inches. 1 
The reſults of the ſeveral experiments we made are 

rontained in the firſt of the following tables, from which 

it will appear, that in twenty-three experiments there | 
vas not any one infance where the ball was ſtruck at a 
greater diſtance than the point, nor even at the ſame 
diſtance. It is remarkable, that in two or three experi- 
merits where the point was farther off than the ball, 
dock the point and the ball were ſtruck at the ſame time; 
which ſhews, that the influence of the point, although 
Placed-ar a greater diſtance, was equal to the influence 
of the Ipherical termination placed ooſiderably nearer. 

When the forked inſtrument and electrometer were 
fitiſhed, - it was found, that a ſuperior force Was neceſ- 
613 ary 
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1004 MY WYLSONW Nperiment, 
ſary to charge 'the+jaydelohging-torit (on-acevimtiog 
its eee than — a eee, 
trials n 2TH IM ee Qt h 619 et 
por anita rote. dds he Kviioduy 
with the uſe of his machine; the cylinder of which 
when excited with the aſſiſtanee of his arnalgama, acted 
ſo powerfully; that it charged the Jary | os. 
the new inſtrument, very readily. -- 1979 fuse 
We began the experiments where the 8 
was ſtruck at the greateſt diſtance, and then adjuſted the 
diſtances of the ball and point from the coppen ball ac- 
: cordingly ; - ſo that if the point was ſtruck (hen they 
were adjuſted) the moving of the ball d part of an inch 
Vould occaſion the ball to be ſtruck in preference to the 
point, and vice uerſd. Afterwards we leflened the ſtrik- 
ing diſtance of the electrometer i in n —— 
we attained the leaſt diſtance. 
Upon reverſing part of the 5 — as in 8 3iall 
thoſe experiments were repeated again; the copper ball 
1 being put neareſt to the glaſs in the place of the forked 
part, and the forked part in the place of the copper ball. 
This ſet of experiments being compleated; we made 
others, where the ball only was oppoſed; 'and after — 
. the point only was 3 to the copper bal. 
— Having 
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e K enden Pbial. 19 5 
f joHaming gon throngh:al-theſe experiments as they. 
nofſet. donn dhe fed table, we then repeated the 
experiment with the chain, after Mr. HENLY's manner, 
the reſult gf - whichand with the e d, | 
vil appear in the third table. Mike cf Bends” dai 
The chain we employed upon ths, gecafien, Was. of 
| iron and very ruſty, no other being then at hand. 
To avoid every objection it was reſolved upon, that all 
me experiments we had made at Dr. #iccins's ſhould 
be repeated, but with the two chains inſtead of the 
forked apparatus. 10 3 
on the 2 3d of June, by the Some of Mr. PARTING=. 
ro (Dr. HIGGINS having diſpoſed of his machine at 
hat time) we went through the whole of the experi- | 
nets thus circumftanced. The chains employed were. 
braſs, and a glaſs. ſtand ſupported the ball and point. 
Mr. PARTINGTON” s cylinder meaſured about thirteen 
inches i in diameter: this glaſs, with the aſſiſtance of Pr. 
HIGGINS'S amalgama, ated powerfully. All theſe expe 
timents are contained 1 in the fourth table. 
Before this paper is concluded, it is neceſſary to cau- 
ton thoſe who may be diſpoſed to repeat the experi- 
ments mentioned in the ſeveral preceding tables, that a. 
ſtrict attention be had ta every the leaſt circumſtance re- 
lative 
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1006 My WII SONS Ae | 
lative to the makin g of the experiments; it being ſo diff. 
cult to preſerve the intended diſtances betweenthe rapes 
tive partsof an apparatus not perfectly executed (as is tre. 
| quently the caſe with * new inſtruments) that we could 
not ſucceed in adjuſtin g the diſtances of the electrome. 


ter, ſo as to be — in an arichmetical progreſſion, | 


Jan 23, 78. . WILSON, 
| 
4 1 „El 
| | 
8 
25 : 
ot : > 
N 6 
i þ 1 >\ i 
. f . 
1 — 
b * of 
i 1 
5 11 
6 Gn f 
FT 
{4 ; 
' 
1 0 


Khor the Leyden, F Rial. L N 
ib 0! 2d . & B L. E. 1. F 1 "BM . 1 
| ppp at Dr. LIN D's, June 18, 1778, with 


» . * 1 311 — 589 * 0 
amt ef 25) b51939%9 11 ee eee 
af + _ 


Point and 
2 on 114 3 — 3 1 | | 
I ! Ball — 11 Both wk twice | Buck Subs a 
(Point e I the fame time. 
Electrometer 64 - . | 54 [ 54 
n 1 ſha — 4 Both Auel twice 4 3 5 
(Point — 24 J at the ſame time. 7 |= — | 66 | 
— , - -. [-Þ 1 
ni - „ | 1 
. -<: be: ; 
5 ſEleQrometer WW _- — E 28 28 
| «Point * — fruck alteeatey — J. * | 44 
. 60 FE 'F 
3 22 — — , [ 
VI. — = --- . — jw 1 
m_ SS + > ö ? 
——  -. i 1 
z - | 
< Electrometer 16 ” — i — | S | | | 
vn. aſi TS +1} 1 
A” +: f=cr ] J. 


N. B. Eighty of thoſe parts make on inch. 

The number oppoſite the word electrometer denotes the diſtance * the 
balls which conſtituted the eſec irometer; and the numbers oppolite to the words - 
lal and point ſhew the ultimate diſtance at which they. were reſpectively ftruck. . 


(b) The point and ball in this experiment were not directed imwedistely 
wwards the ouiſide coating of the jar, but towards the broad ſurface of a com- 
7 tea canniſter, tae oppoſite outhde of which was in contact with the coating . 

the jar, 
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Experiments made at Dr. HIOEHN“s, June 19, 1778 
| with the Ley den Phial and Forked apparatus. 


The meaſures wed Wee in the following tables were taken from a feale con. 
K e 8755 


Ball ond point oppoſite 
"Ws Leyden Phial. 1238 


1 — m- | 67 | 32 n bi 
i my 1 i 
Point — reſults: h 
Electrometer | 16 — — = 
V. 2 ER 22 — — — 
5 be 1 13 13 11 . | 
VI. {Ball — 21 14 — | 16 __ 88 5 [2 
Foat — 3$- i6 FF 22 = = = | = 
EleQrometer 10 © 10 | 10 6 w 4 | | 
vn. U r 
Fount | 13} = | 25 20 „ 


„ 


ben the Leyden Pla. ioo 


Experiments with the chain after Mr. HENLY's manner. 


Point and ball oppoſite - 
the Leyden * Apparatus reverſed, 


—— _ | — — 


EleQrometer "Ty 23 * peated at 7 7 


a - - a} 28 
be. - ag] 2% kee | 5 
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$76” 51 11181 [ g 1101 1 
TABLE IV. F100: m. [ 


The experiments of the ſecond and third table repeated 
at Mr. PARTINGTON 85 June 23, 1778, a braſs chain 
being uſed inſtead of the Forked ** | 


1 1 
Ball and point oppoſite Apparatus reverſed = D 5 2 

_ the Leyden phial. de! © 3 
ſEkQrometer If] = - * 32 3 
eint 76 VVV 


7 11 28 0 28 — _ | 28 | 28 
U. 129 — 28 


Ball | — 33 5 29 = | 28 =y 
Be Re 3 2 


EleArometer 25 26 2 251 1 25 | 26 26 
11. 1 {al — 3 | 28; repeated j 28 | 27 | - 


Point - 480 |64 | 35. 37 - |, il 

I Electrometer 20| 20 120 1] 0 - ſo 20 20 | 
IV. is ou. OG SY | = _s | 24 | = 
Point — 50 3 — 7 1 


. _ 16 16 
1 1 alternately 2 942 


El Arometer 16 
v. Ball 21 


Font =— $9 - 21 - [24 Wnt 
EleArometer 1311311 I ' * — 1 13 ö 
v.. {pa „ 14 5 mw..." 15 2 
Point — 444 — 99 2 | 
f 1 10 ** KO | 
VII. —_  - 8 1 1 Ea 
Point — 38 9 alternately — 119 7 


Becauſe the electrometer in the experiments contained 
in the third table made at Dr. Hidolxs's with a ruſty 
2 . : iron 


upon the Leyden Pbial. 101 1 
iron chain ſtood at 21 and 23, we repeated the experi- 
ment at Mr. PARTINGTON's with a braſs chain, and the 
walt“ was as follows: : 


Ball and point oppoſite Apparatus 

the Leyden phial. | reverſed. 
Haecter © 3 A 23 
0 - > -* 8 1 


Point — 64 30 
JAMES LIND. = 
 TIBERIUS CAVALLO, 
B. WILSON. 


'P.S. Having ſeen a method aſed by Mr. CAVALLO to re- 
pirbroken Leyden phials, ſo as to render them again uſe- 
ful for experiments, I am glad of this opportunity to make 


t known, as it may be very acceptable to electricians. 
The method is as follows. When a coated phial is cracked, 
either by a ſpontaneous diſcharge or by any other acci- 
lent, Mr. CAVALLO removes the outſide coating from the 
fractured part, and then makes it moderately hot, by 
holding it to the flame of a candle; and whilſt it re- 
mains hot, he applies burning ſealing wax to the part, 
o as to cover the fracture entirely; taking care that the 
ickneſs of the wax is rather more than the thickneſs of 
ne glaſs. Laſtly, he covers all the ſealing wax, and alſo 
© K 2 part 
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1012 Mr. wils os Experiments, &c. 
part of the ſurface of the glaſs beyond it, with a compo- 
ſition made with four parts of bees. wax, one of reſin, 
one of turpentine, and a very little oil of olives; which 


compoſition he ſpreads upon a piece of oiled filk, and ap- 
plies it in the Manner ot a plaiſter. With this method! 
have ſcen ſeveral phials ſo effectually repaired, that, 
though after being frequently charged, they were at laſt 
broken by a ſpontaneous diſcharge, yet the fracture Was. 
ina different part of the glaſs. 
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Wy. Ob/ervations on be Solar Eclipſe which happened 
june 24, 1778. By Mr. William Wales, F. R. S. and 
Mater * the Rojel Mathematical Schoot in Chriſt's 
| Ho! ſpital. | 


Rad Ju'y. 9, 


4 HE following obſervations of the folar- 
1778. 


_ eclipſe, which happened on the 24th 
nſtant, were made at the Royal Mathematical School in- 
Chriſt's- Hoſpital, where the latitude is 51 30' 5.5” N. 
and the longitude not quite half a ſecond i in time Welt of 
he cupola of St. Paul's. I had my time by a moſt excel- 
ent watch made by Mr. LARCUM KENDALL, which goes 
yhile it is winding up, and has a proviſion for counter- 
ting the effects of heat and cold. It was regulated by 
double altitudes of the Sun's lower limb, taken from IH 
baſon of quickſilver with a HADLEY'S quadrant of Mr. 

unspEN's making; and the quickſilver Was ſhaded from 


the wind by a roof, formed by two glaſſes whoſe planes 
had been ground perfectly parallel by the ſame inge- 
nous artiſt, ſo that the time may, I think, be n. 
a within a ſecond, or two ſeconds at the moſt. 
My teleſcope, which is of the Gregorian form; was 
made by the late Mr. SHORT; the focal length of the 
great ſpeculum being 18 inches, and the aperture 45 
inches. 


1014 Mr. WALES on ne l 
inches. I uſed a magnifying _—_— oma 8 times 
for the beginning and end, and of about 50 or 55 times 
with the micrometer, in meaſuring the Sun's diameter, ang 
the diſtances between the two cuſps of the luminaries, 
. "Tan micrometer, which is an exceeding. good one, 
was made alſo by Mr. SHORT. The divided glaſs is not 
achromatic, but only a fingle lens, whoſe focal length is 
about 28 feet * inches but as J have not had an oppor- 
tunity of examining this point myſelf by adjuſting the 
teleſcope to parallel rays without the micrometer, and 
then putting it on, and meaſuring the diſtance at Which 
objects are ſeen diſtinctly, I have aſſumed the Sun's apo- 
geal diameter to be 310 28“ as given by Mr. SHORT; and 
on that hypotheſis the following reductions of the parts 
of the micrometer are made. Its error was determined 
immediately before the beginning of the eclipſe, by 
meaſuring the angle ſubtended by a ſmall ball which is 
on the top of the ſpire of St. Bride's Church, in Fleet 
Street, alternately before and after o, or the beginning o 
the diviſions of the ſcale: theſe meaſurements were u 
follow: 


Solar Rune June 24, 1778. 1015 


5 On the ſcale, | 


— 
= 
4 


inches; Ver. Inches. Ver. | 70 


les. 4 o 
, 05 | 4 | ©,05 | 11 
 ©,05 31,05 | 12 
| ©,05 | 4 | 0,05 | 124 
o 5 o,os 15 


0505 | 43 0,05 12,3 Mean on the ſcale. 
5 ©,05 | 4,3 | Mean off the ſcale. 


— _8,0 | Difference. 


— 


Half the above difference, or four diviſions of the ver- 
3. is the error of the micrometer, to be ſub... 
if ted from the meaſured diſtances of the cuſps, and 


. «tr = 


il from the diameters of the Sun, taken near the mid- 


le of the eclipſe, i in the ſame direction with the chords 
ſhich were meaſured about the ſame time: and, this di- 
tion being nearly vertical, theſe meaſurements will, ; 
n fome degree, be affected by refraction; but they may 
adily be corrected if the altitudes of the sun be com- 
ted to the times when they were taken, and from 
lence the effect of. the refractions. 


1778. 


* 11 — 
Double — — e e ee eee - * | Ways | 
Times by jait, cf © 's|before obſ. after ob. Apparent. before apl 
the watch.“ L. I. time. parent 
On. OH. e time. 
REAR N | 3 1 1 TR — K..C.CDt.. : 1 
33 710 iP | 2 / | [ Us 1 4 Us | Mg” | 
4 43 7] 59 312 | 19 | 457 183] 4 | 
4 44 ©| 59 13 | 184 46 | 1921 465 | TL £2 
4 44 49] 59 © | 181 4⁰⁴ 184 45 > 4 44 28,7 o 588 
4 45 52] 58 392 | 184] 464] 183] % 
4 47 1] 58 192 | 18} 
[4 41 50 58 3; [ | | EW | | 
3 27 35] 52 57 | 23] 42 | 224] 424 
3 28 40 82 36 (23 | 41 224424 
ERIE | FS | & 
3 29 47] 82 16+ | 225] 414; 222! 423 v3 28 10,3 I 20 
3 47 82 0 222 411 "m4 | | 
3 32 30.81 4573 | 447 l 1 


1 gd £ 
J oy 
a 
* - 0 


ae, Jane 24, 1936 
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aN of The 1 ” 
Time bi | 4pparent Micrometer. | 

che ward) | time. —— RNeduced 
| | nches, — "Y 

h 5 6 3 Ti | wo | rus | 

Rang 8497] ff f Reginoing very exact. 

4 2 5j+4 0 32 | 2,15 | 15| 2x 51,J] 8 of the cuſps. | 

4 415 2 44 | 2,25 | 3| 22 37, Ditto. 

|4 $ 24þ 353] 2,30 223 97 Ditto. 

4 7 50% © 252,35 1823 56,2 Ditto. | 

| 4 8 44j4 7 13 | 2,49 | 4| 24 9,5| Ditto, j 

4 9 25/4 7 54 | 2,40 | 16 24 240| Ditto. [ 

t4 rr 54 9 34 | 2,45 | 19 | 24 57,8 | bio: - 

412 3% 11 © | 2,50 |.12 | 25 19,5 | Ditto, . 

| = | 3,10 18 ** Diameter of the Sun. 

% T 

VVV EASE _ Ditto. | 

4 21 52/4 20 21 | 2,65 | 17 | 26 56, 2 Diſtance of * | 

} 4 21 51½ 22 20 | 2,70 | 114| 27 19, 8 Ditto, 

| 4 27 214 25 31 | 2,75 | 2 | 27 38,5 Ditto. 

4 29 3644 28 5 | 2,75 | 4 | 27 40,9 Ditto. 

| 4 3* 31/4 29 594] 2,75 | 8 | 27 45,7 Ditto. 

| 4 34 414 32 32 2,75 | 16 | 27 55,4 Dito, 

| 4 35 404 34 14 2275 | 18 | 27 $7,8 | Ditto. 

4 36 50% 35 244| 2,75 | Is | 27 54, Ditto. 

437 544 36 224 2,75 | 153} 27 54,8 | Ditto. 

| 4 38 384 37 64 2,75 | 1604} 27 56, o Ditto, 

439 15/4 37 461 2,75 | 16 | 27 35, Ditto. 

| 4 49 41/4 39 94] 2,75 | 14 | 27 $30 Ditto, 

| 4 41 39{4 40 7+] 2,75 | 13 | 27 51, 8 Ditto. 

4 42 3% 41 43] 275 | 4 | 27 4959 Ditto. 

4 43 33 42 14} 2,021 27 37,2 Ditto. 

| 4 40 4004 45 144 2,70 | 14 | 27 22,8 Ditto. 

{ — i | 3-10 | 16 | 31 26,8 | Diameter of the Sun. 5 
5 | Z,1O 16 31 26,8 Ditto. | 
| | 3,10 | 16 31 27,4 | Ditto. 

13.10 | 154} 31 26, 2 Ditto. 

4 52 404 SI 8 | 2,60 | 11 | 26 18,8  Diftance of the ar 

4 53 34/4 52 2 | 2,60 | 8 | 26 15,1 Ditto, | 

4 54 2004 52 48 | 2,60 | 3 | 26 9, 1 Ditto. 

4 55 1044 53 38 | 2,55 | 22 | 26 0,6 Ditto. 
. 5 
vol. LXVIIIL 8 Time 
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he Sun's diameter | 
Double — 
alt. of O's before obſ.ſ after obſ.| Apparent 


—_ 


Time by 


ze watch.“ L. L. | time. 
9 Atos * 0 On. | Off. On. Off. ny \ oh 
511 0 | { Q 3 53 1 RA. 
45534 | 22 | 42 22 414 


| 5 35 4 : 
5 35 40 43 2914 224 
{5 36 37 03-8 | 1} 
159 20 1 | L171] 
Is 33 53 42 | | | _ | 


=— „ 1 - 
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VI. 41 Eclpfe of the Sun une 24, 1778, ohſerved at 
Leiceſter. By the Rev. Mr. Ludlam, Vicar of Norton, 


near Leiceſter; communicated by the © — 
Royal. 


Rad July 9 
1778. 


T. 3 was obſerved at111h 35/29". 

The end at vb 19 300 or 34", according 
1 the time ſhown by the clock, the Sun being a little 
5 at the end of the . 


zern diſtances of the Sun's upper r limb, taken with an 
eighteen inch quadrant made by BI RD, for determin- 
ing the error of the clock. 


| Time by a the 1 : 
-. _ 

Ft HM S 
uv 16 22 


iv 29 35 


ginning of the eclipſe at Leiceſter was at 111h 34 5”; the 


1020 Mr. ut. E on n 
The barometer ſtood at 29, 9; the — | 
The error of the line of collimation was, in the ſummer 

of 1774, 13,8 ſeconds to be ſubtracted (ſee Phil. Tranſ. 
vol. LXY. part 2.). As the quadrant has not been altered, 
and indeed ſeldom uſed fince, I ſuppoſe the error of the 
line of collimation to remain the fame. From the firſt 

obſervation I make the clock to be 17 ar” faſter than 
ſolar time. From the ſecond, 1 22). From the third, 


1 23”. Taking the mean of theſe, vis. 1' 22”, the be- 


end at wh 187 87 or 12” by ſolar time. 7 
The difference between the meridians of Greenwich 

and Leiceſter, from obſervations in the Philoſophical 

Tranſactions, computed by Mr. WALES, maſter of the 


n ee ſchool i m GAL iſts Hoſpital. 5 
From ſolar eclipſe June 3 16s, 2 — 238 
2 Tauri, April 28, 1770, ; Immerſion 4 27,8. 
Aldebaran, Nov. 18, 1774 Emerßen 4 50, 5 
Solar eclipſe, June 24, 1718, Fa Beginning 2 4 


| M. Dv SEJOURS, m the Memoirs of the Academy of 
Sciences for 1771, makes the difference of the meric ians 
of Paris and Leiceſter, from the end of the ſolar eclipſe | 
of 1769, to be 13' 59”; and the difference of the meri- 


Y 


Eclipſe of the n. — 
ans of Paris'and'Greenwich, both from the beginning 
ud end of that eclipſe, gf 20”. Whence the difference 
of the meridians of Greenwich and Leiceſter 4 397%. 
if we take the mean of all theſe computations, we 
tall have the difference between the meridian of the 
dbſervatory at Greenwich and St. Martin's Church in: 
Leiceſter 4 35” of time very nearly. | 


8 — 
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xLvn. 4 ready Way of lighting -a-Gandle, iy d very m- Ia 
derate Electrical Park. * J ohn In A M. Dy 


. R. S. Ute} en een 06-000 MTS th Bax 7 = 7 

11 e it 

Read Jaly 9, Tr has been long known that an eleg ie 

„ ſpark will kindle ſpirit of wine, eſpecially 1 

when previcully warmed; and that vitriolic Ether will br 
be kindled by a very moderate ſpark, even when cold. 


i However, 1 never ſ aw an electrieian who made a com- 
mon uſe of this experiment to light his candle when he 0 
had occaſion for it. The reaſon is, becauſe though i ith” 
may be done without much danger of failing 3 in the at- 
tempt, yet it requires ſome trouble to prepare every thing 
neceſſary for making the experiment anſwer with cer- 
tainty. Beſides, ther is very precious, and is eaſily loſt 
by evaporation before the electric power is excited, orf 
before every thing is quite ready for mene the ex- 
periment. 
I uſed to light my candle a good while ago by the ex- 
ploſion of a ſnall jar (by ſmall I underſtand one which Rl 
| 0 5 has 
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us eight or ten inches of metallic coating, or even leſs) 
n the following manner. As J often amuſe myſelf with 


dine, ready for action, fixed upon a table in my room. 
nen I have occaſion to light a candle, I charge a ſmall 
Wotton over the extremity of a long braſs pin or a wire, 


this extremity of the pin, wrapped up with cotton, in 
bme fine powder of reſin (which I always keep in readi- 


be e knob: the powder of reſin takes fire, and communi-- 
ates its flame to the cotton, and both together burn lon g 
tough to light a candle. AsI do not want more than 


ling a ſervant. 


thts eafier than that of brown... 
TFT The 


dectrical experiments, I have always an electrical ma- 


wated phial, whoſe knob is bent outwards, ſo as to hang a 
ile over the body of the phial; then I wrap ſome looſe 


bas to ſtick moderately faſt to its ſubſtance, I next roll 


es upon the table for this purpoſe, either 1 in a wide- 
nouthed phial or in a looſe paper); this bein g done, ] ap- 
iy the extremity of the pin or wire to the external coat- 
by of the charged phial, and bring, as quickly as poſſi- 
le, the other extremity, wrapped round with cotton, to 


— — — — 


alf a minute to light my candle in this way, I find it 
readier method than kindlin g it by flint and ſteel, or 


have found, that powder of white or yellow reſin 


— . ERS. 
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The Farina hcopodii may be uſed for the fame pw. 
poſe, but it is not ſo good as the powder of reſin, becauſe 
it does not take fire quite ſo readily, requiring a ſtronga 
ſpark not to miſs; beſides, it is fon, burnt away. 
By dipping the cotton in eil of turpentine, the ſamy 
effect may be as readily obtained, if you take a jar ſome- 
what greater in ſize. This oil will inflame ſo much the 
readier if you ſtrew a few fine particles of braſs upon it 
The pin duſt is the beſt for this purpoſe; but as this oit 
is ſcattered about by the exploſion, and, when kindled, 
fills the room with much more ſmoke than the my 
of reſin, I prefer the —_ | 
| This experiment may be made hh af for Ugiuing a 
candle in the night as well as in che day. But for thit 
purpoſe a charged phial ſhould- always be kept in readi- 
neſs, and placed where it may be eaſily found in the 
dark. The jar for this purpoſe ſhould be furniſhed in the 
manner invented by Mr.CAVALLO, with a glaſstubeat the 
inſide, reaching from the mouth of the phial to the bot- 
tom, through which tube the wire which eſtabliſhes 
the communication with the inward | coating paſles, 
which, as ſoon as the phial is charged, is to be taken 
away, by holding it by the piece of ſealing wax, or glab 


rod covered with ſealing wax, faſtened to the knob of 
2 : DR the 
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the wire, which wire is only to be put into the glaſs tube 
1 — when the phial is to be diſch arged. * 
Mr. co finds; that this jar will keep its e a 
month, if the glaſs” tube, and likewiſe the jar where it 
is not coated, are * lined with — wax both 
within and without. Ty 
A jar, containing ſix or eight pints, fitted up in this 
manner, may be kept as a magazine of electrical fire, 
and a little coated phial, juſt big enough to light a can- 
dle, may be occaſionally apphed to it on purpoſe to li ght 
the powder of reſin. As ſoon as this little phial is 
charged, which is done in an inflant, the wire muſt be 
al taken out of the arge jar azin to keep the re- 
is WW mainder of the charge, which» way bee afterwards for 
i WI fveral charges of che little phial. 

have often carried in my pocket Bach a little jar a 
whole day, on purpoſe to fire a kind of piſtol loaded 
with inflammable air in che manner deſcribed by Mr 
t-W vol rA of Como. A Phial of about two ounces aint 
electrical fire enough to kindle ſuch a piſtol twenty 
„times. In order to take out only as much of the eleri- 
cal charge as was wanted for this purpoſe, I plunged into 
als W the glaſs tube of the charged phial a ſmall glaſs tube, 
four inches long, adapted as a Leyden phial, by ſticking 

Vor. LXVIII. 6 M — 
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in it at the bottom, which is hermetically ſealed; à bit of 
tin foil, an inch long, coiled up, and paſting ſimilar bit 
at the outſide: a thin wire paſſed through the tube from 
the infide tin foil to the opening, which was ſhut by a 
ſmooth braſs ball ſtuck to it, and in contact with the ſaid 
wire. The outſide part of this tube, which was not coated 
with tin foil, was lined or varniſhed with ſealing wax. 
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XVIII. Electrical Experiments, to explain how far the 

Phenomena of the Electropborus may be accounted for 
| by Dr. Franklin's Theory of pofitrve and negative Elec- 
tricity; being the annual Lecture inflituted by the Will of 


| Henry Baker, Eq. F. R. S. By John Ingenhouſz, 
M. D. F. R. * 


Read June 4, AVIN G had the honour of being ap- 
OO, > pointed by the Preſident. and Council 
of the Royals Society to read the annual diſſertation on 
ſome philoſophical ſubject, inſtituted by our worthy : 
member the late Mr. BAKER, I have endeavoured to pur- 
ſue ſome electrical experiments, to explain how far the 
Eedropborus perpetuus may be accounted for upon the 
almoſt generally received theory of Dr. FRANKLIN of 
plitive and negative electricity. 


Els electrical inſtrument conſiſts of two different 
Pieces; vis. I. a metallic body, in the form of a plate, or 
my other convenient figure, furniſhed with an inſu- 
ating handle, to be uſed for lifting it up; and 2. a flat 
un. conducting ſubſtance, ſuch as glaſs, reſin, or ſome 
* GM 2 other 
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other non- conducting matter, upon which the ſaid me- 


tal plate is placed. 


This mac chine, invented by Mr. VOLTA, a learned gen- 
tleman of Coma, is certainly a valuable acquiſition to the 
Electrical apparatus. Once excited, it is for a Jong while 
ready to afford electricity enough for all experiments 
which do not require a very great force; and it has the 
advantage of not being ſo much affected by damp wea- 
ther as the common machines with glaſs globes, cylin- 

ders, diſk, &c. It is very eaſily put in action by 2 
light friction with a dry hand, a piece of leather, a rough 
kin of a hare, a cat, or ſome other animal. It is as eaſy 
to excite with this machine a negative as a poſitive elec- 
tricity. It has the advantage of being capable at almoſt 
all times of affording at pleaſure fuch a force of electri- 
city as is wanted, even to fuch a degree, that the metal 
plate is no longer able to contain all the electric fluid 
communicated to it; but throws it out every way, either 
upon the metal upon which the reſinous cake is uſually 
fixed, or into the air: and this increaſe of electrical 
power is obtained by the eaſieſt means; for inſtance, by 
charging with the Electrophore a coated phial, and plac- 
ing it afterwards upon the reſinous cake itſelf, or upon 
the metal plate placed upon the reſinous cake (provided 
the metal plate be leſs in circumference than the reſi- 
nous 
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mene and no metallic communication exiſt between 
the metal plate and that metal upon which the cake is 
faſtened) . If the knobof the phial, thus placed, be touched 
by the finger, and then taken away, holding it by the 
knob, the force of the electrophore is found to be re- 
markably increaſed. 

But a more pleaſing way of increaſing the electrical 
force of this inſtrument is by transferring alternately the 
metal plate from one reſinous cake to another, and 
wuching it after it is placed upon the cakes. By this 
method both cakes acquire continually more and more 
electricity; ſo that in a ſhort time, by this alternate tran- 
flation,. the metal plate returns from either cake quite 
overcharged; and thus Leyden phials may be charged 
by it very. ſtrongly, and even ſo as to break them. It is 
very remarkable, that by this method the metal plate re- 
turns from one cake in. a poſitive, and from the other in- 

a negative ſtate. 

This manner. of increaſing the two electricities was 
ſound out by my learned friend Dr. KLINKOC H, profeſſor ; 

n the Univerſity. of Prague, ſoon after I had given him: 7 
a deſcription: of this new inſtrument, which I had re- 
ceived from his Royal Highneſs the Arch-duke FERDI-- 


NAND a. very little while after Mr. VOLTA: had invented 5 
t. 


It. 
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It is true, that Father BECCARIA had a long while agy 
excited an electricity, almoſt perpetual, by two panes of 
glaſs; one placed upon the other, each having but one 
metal coating, and joined together ſo that no metal was 
placed between the two glaſſes. Theſe two glaſſes being 
applied to a prime conductor of an electrical machine, ſo 
as to receive a charge in the ſame way as one glaſs coated 
on both ſides is to be charged, afford numberleſs ſparks 
from both coatings, after the two glaſſes have been diſ- 
charged in the commen way, by making a communica- 
tion between the two coatings. 
In order to produce theſe ſparks, the two glaſſes muſt 
be ſeparated from one another, ſo as to avoid touching 
the coatings in the moment of ſeparation. Each of the 
coatings will give a ſpark, which may be repeated after 
having replaced the two glaſſes one upon another. After 
the two glaſſes have been thus joined again, and touched 
after their conj junction, another ſpark i 18 obtained from 
both after their ſeparation; and theſe ſparks may be thus 
repeated almoſt ad infnitum; ſo that theſe two glaſſes 
once excited, ſeem to be an unexhauſted ſource of elec- 
trical 1] parks. Father BECCARIA calls this experiment 
electricitas vindex. Whether this denomination be a pro- 


per one to convey ſome idea of what is under ſtood by I, 
J will not now undertake to determine. 


6 DEE . 
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The ſame Father BECCARIA had alſo found, that the 
ating of a glaſs, after being diſcharged, was able to 
give new ſigns of electricity, when taken off by means 
of filk ſtrings. 

Some other experiments were made many years ago. 
by 1 Mr. INA of Turin, and by ſome other electricians, | 


which have a great deal of ſimilarity with the electro- 


phore. 4 
But as the inventors of theſe experiments did not 
adapt them as an electrical machine, they do not dimi- 
niſh at all, in my opinion, the honour which Mr. VOLTA 
deſerves, for having enriched the electrical apparatus 
with a very ſimple and handy machine, continually 
ready to excite as ſtrong an electricity as 18 requiſite for 
the moſt ordinary purpoſe. . 
The novelty and fimplicity of the machine could not 


but ſtrike every electrician; : I cannot expreſs how much 
| was pleaſed with the firſt ſight of it, and with what 


eagerneſs J ſet about endeavouring to underſtand the 
nature of it. I analyzed it in various ways: I compared it 


vith Father BECCARIA'S elechricitas vindex, with an ordi- 
nary coated glaſs, and coated reſinous electrics. 
Some electricians, puzzled with the ſtrange pheno- 


mena which it affords, thought it over- turned entirely 


the almoſt univerſally received theory of Dr. FRANKLIN, 
and 
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and that it could not be underſtood but by eſtabliſhing 
new principles. 


After conſidering "ay matter maturely TI thought, that 
theſe phenomena, though at firſt ſight extraordinary, 
could be explained by the ſame principles which were 
already received by almoſt every philoſopher. 

But before 1 proceed to my intended explanation of 
the :moſt obvious phenomena of the electrophorus, [ 

muſt beg leave to ſet down ſome conſtant laws, Which 
nature . obſerves in the various motions of the electric 
fluid, and to which electricians do not ſeem to give a ſuf- 
ficient attention. 

1. The electric fluid ie in all ſubſtances, in a cer- 
tain quantity, which 1 is natural to them. 
2. The electric fluid is repulſive of itſelf, that i is to 

lay, each particle of electric fluid tends to recede as far 
from anether particle of the ſame fluid as it can. 
3. The ſtate of electricity of a body is that in which 
it has acquired more electrical fluid than the nei ighbour- 
ing bodies, or in Which! it has leſs of this fluid Shan the 
furrounding bodies. 
4. In the firſt caſe the electrical fluid EP to expand 
+itſelf through all bodies near it, which can by their na- 


ture receive it. In the ſecond caſe, the electrical fluid o 
all the ſurrounding bodies finding leſs reſiſtance toward 
per” 
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a body . electriſied, or having loſt a part of its 
natural ſhare of electricity, ruſhes towards that body, 
and tends to diffuſe itſelf through * and thus to diſpoſe 
ſelf into an equilibrium. 

5. The reaſon why the electric fluid, exiſting every 
where, ſeems to remain inactive in the common ſtate of 
nature is, becauſe all other bodies having their ordinary | 
ſhare of this fluid, an equal preflure exiſts on all ſides. 
Thus, if all the bodies upon the earth were to acquire 
more or leſs of electric fluid at the ſame time, in equal 
proportions, no electrical phenomena would be the con- 
ſequence of ſuch a ſtate; becauſe the preflure being every 
where equal, the repulſive force of the electrical parti- 
des would be every where balanced. Thus two bodies, 
both negatively or both poſitively cleftrifed, will not 
give a ſpark to one another: they only recede more from 
one another, becauſe the other ſurroundin g bodies are 
not in the ſame ſituation with them. This aſſertion . 
kems to be illuſtrated by Father BECCARIA'S electrical 
well (puteus electricus), which is nothing but a metal 
reflel electrified, in which two cork balls are ſuſpended 
by filk threads; the balls do not ſhow ſigns of electricity 
vithin the cavity of the veſſel, becauſe the electric fluid 
preſſes equally on ...! ²˙ nnnw 
E i GN ab 
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6. All non- conductin g bodies may acquire on each 
part of their ſubſtance more or leſs of the electric fluid, 
as well as conducting bodies, at leaſt to a certain propor- 
tion; but they do not allow it to paſs freely — their 
ſabſtance or over their ſurfaces. 
J. All bodies whatſoever are ſuſceptible of electricity, 
poſitive and negative indifferently, either by exciting 
them by friction or any other way, or by bringing them 
 withinthe) phere of action of a body already electrical; ſo 
that even metals, the beſt conductors, may be as eaſily 
excited by friction, if inſulated, as glaſs or ſealing wax. 
The only material difference between the conducting 
J and non-condudting | ſubſtances ſeems to be, that the elec- 
tricity does not ſpread itſelf ſo eaſily and ſo rapidly 
| through or upon thoſe bodies which are non- conductor 
AS UPON thoſe which are conductors. An electrical ſpark 
thrown upon the ſurface of a piece of metal inſulated, of 
L whatever length it be, diffuſes itſelf equally throu gh the 
Whole maſs, if this metal be left to itſelf out of the ſphere 
of action of another body ch arged with electricity. The 
whole electricity communicated by this ſpark is diſ- 
charged at once by touching any part of the ſame metal. 
On the contrary, electricity ſeems rather to ftick to that 
part of a non- conducting body to which it is applied, 
ſpreading but ſlowly and unequally over its ſurface, from 
4 Which 


ks uc | 
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which it may be taken by degrees, by touching thoſe 
parts to which it was applied. There are ſome bodies 
which ſeem to be of a middle ſtate between theſe two, 
big. through which - the electric fluid propagates as 
through good conductors, but ſlowly, ſuch as common 
| wood, moiſt air, and many other bodies. Electricity ſeems 
| todiffuſe itſelf through theſe bodies almoſt as ſugar and 
alt diffuſe themſelves th rough water, ſpreadin g farther 
and farther through the liquid, 


8. All thoſe bodies, which are non- conductors, ſeem 5 


to acquire a ſtate of electricity with ſome rel uctance; ; 
and, after they have acquired it, to hold it more tena- 


Sally, or to part with it with more difficulty, than con- 
ductors. One touch takes away all the electricity ofa - 
metallic body, but does not abſolutely convey away all the 
| electricity of a piece of glaſs or another electric body, ſuch 
as ſcaling Wax, amber, &c. The metal plate of an elec- 
trophore takes almoſt no electricity at all from the refi- 
nous cake, if it be lifted up without havin 8 been touched 5 
when it was upon the cake. i 

9. All reſinous bodies, ſilk and many others, retain 
more tenaciouſſy their ſtate of electricity than glaſs, | 
however dry. Thus a piece of glaſs excited is almoſt 
quite _—_— of its el ectricity by a conducting ſubſtance 

' 6 N 2 being 


with another conducting body excited with either elec- 
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being applied to it; but a reſinous body, though touched, 
retains ſtill a great ſhare of its electricity. 

10. A conducting body inſulated, being placed within 
the ſphere of action of an excited non- conducting body, 


or even in contact with it, acquires at the ſame time two 


contrary electricities; vis. the part in contact, or very 
near the non- conducting electrified body, acquires a 
contrary electricity to that of the non- conducting body, 

at the ſame time that the oppoſite or farthermoſt extre- 

mity is poſſeffed of the ſame electricity with the con- 

ducting body. 

11. A conducting body inſulated, being in contact 


_ tricity, acquires the fame electricity thr rou ghout its whole 
| extenſion, or divides with this body | its elericity 
equally. 
12. But an inſulated conducting body, being only in 
the ſphere of action of another electrified conducting 
body, acquires, as in the firſt mentioned caſe, two dif- 
ferent electricities at the ſame time; vis. towards the 
electrified body it acquires a contrary electricity, and at 
the oppoſite extremity it acquires the ſame kind of elec- 
tricity with the electrified body. 
It ſeems therefore to be a law of nature, chat the elec- 
trie fluid which is accumulated upon a body, and finds an 
obſtruction 
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obſtruction in its free paſſage to another neighbouring 
body by the inter poſition of a non- conducting body (ſuch 
z dry air, glaſs, 8c.) forces by its repulſive power the elec- 
tric fluid naturally contained in all bodies to the further- 
2 extremity of the neighbouring body, ſo as to excite 
in its neareſt extremity a kind of defect of the electric 
fuid, or a kind of vacuum, till at laſt the accumulation 
of the electric fluid becomes ſo great upon the electrified | 
hody, that it overpowers the reſiſtance of the interme- 
date non-conducting ſubſtance, forces its way through it, 
and ruſhes in the form of a ſpark von. the neighbour- 
ing body. 
It the electric fluid be thrown upon. the Saris 4 a 
pane of glaſs, coated on both ſides with a metallic ſub- 
fance, ſuch as tin- foil; the fluid, finding an obſtruction 
to its paſſage through the body, i is crouded upon that ſur- 
face of the glaſ; 8 which has received it; forces the electric 
fluid out of the other ſurface, if ſome conducting body 
i near it, or in contact with it, and can convey it away; till 


this fluid becomes ſo much crouded upon that ſurface 8 


to overpower the reſiſtance of the glaſs, and to force i its way 
rough the ſubſtance of the glaſs, in order to diffuſe it- 
ſelf upon the other ſurface, upon which was produced a 
lind of vacuum. The glaſs being thus rent is no longer 
able to be what is called charged; but after the crouded 

elec- 
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electrical fluid of a prime conductor has in the fame 
manner rent the plate of air (which obſtructed to a cer. 
tain degree its free paſſage between the prime conductor 
and the neighbouring body) by giving it a ſpark, the 
ſame ſpark may be repeated at pleaſure, becauſe the 
opening formed by the ſ park through the plate of air is 
immediately ſhut up * according to the nature of all 
fluids. 

If an inſulated conducting body be ſituated i in the 
manner deſcribed, ſo as to poſſeſs at its different extremi- 
ties a contrary electricity, it may impart to any other body 
brought in contact with it, or within its ſtriking diſtance, 
a ſhare of that electricity which it has acquired at its far- 

. thermoſt extremity. The former body, ſo touched, has ef- 
fectually loſt that part of electrical fluid which was in 3 
certain manner crouded upon that extremity ; and there- 
fore being taken out of the ſphere of action of the ex- 
cited body, as, for inſtance, a prime conductor, after 
having thus loſt a part of the electric fluid crouded upon 
its extremity, is found to poſſeſs a negative electricity if 
the excited body had a poſitive, and a poſitive if the ex- 

cited body had a negative one. 
Thus we ſee how far we muſt believe what is commonly 
affirmed as a fact, that a body, plunged in the atmoſphere 
of an electrified body, acquires a ſtate of electricity con- 
trary to that of the electrified body. If the body plunged 
II 


r . 
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in this atmoſphere be of a ſmall extent, it will be found 
o to all appearance, becauſe the two extremities of a 
ſmall body cannot be ſeparately examined; whereas a 
body of a certain extent exhibits in a very perceptible 


manner the two diſtinct electricities. The reaſon of this 


wonderful phenomenon i is to be underſtood by the prin- 
cples adopted, and may without much attention be un- 
derſtood, if we ſuppoſe the excited body to be in a poſi- 
tive ſtate of electricity; for in this caſe the atmoſphere 
of electric fluid ſurroundin; g the excited body forces by 
its repulſive quality the electric fluid of the neighbour-. 
ing body towards its farthermoſt extremity, and thus ac- 
cumulates or crouds it upon that extremity, from which | 
extremity it 1s therefore ready to fly off upon any other 
body, which is of a nature to receive it, being brought 


near enough. 


If the excited body he in a ſtate of negative electricity, 
the explanation i is not ſo obvious as in the poſitive caſe: 
t requires ſome more attention to conceive what paſſes. 
The excited body, having loſt a part of its natural thare 


of electric fluid, a kind of vacuum, if I may call it ſo, 


lakes place upon this body. The electric fluid of any 
ther body being in its natural ſtate, and therefore in a 
kind of inactivity, confined as it were within its limits 


by the electric fluid of all the ſurrounding bodies, 1 is ſet 
=: 


EL 4 nm * . p 
l > ? 4 "w * * 4 - ” * of I 2 by + wr 
1 = 1 N 7 \ "7 
: 


that body, upon which it does not find a ſimilar quantity 
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at liberty, exerts its natural repulſive quality nnd 


of electric fluid reſiſting its ſpring, or its elaſtic and re- 
pulſive quality; it therefore ruſhes towards that kind of 
vacuum which exiſts upon a body negatively electrified; 

and thus the electric fluid of this body, loſing its naty- 


ral ſtate of equilibrium, and accumulating itſelf towards 


the vacuum, produces there a real poſitive electricity, at 


the ſame time that the oppoſite . has a negative 


one. 


Before 1 go farther, 1 muſt ſpeak one word more of 


that particular quality of/conducting bodies, by which 
they receive, with a kind of reluctance, either ſtate of 
electricity; ; and, after having received It, part with the 


ſame with as much ſeeming difficulty. This quality, not 


unknown to attentive electricians, who muſt have ob- 
ſerved it, has commonly appeared ſomewhat extraordi- 


nary and difficult to be believed by many electricians, to 


whom !] have happened to explain my theory of the elec- 


5 trophore. As this quality is the foundation of this theory, 


I conceive it will not be amiſs to demonſtrate it by facts. 
The firſt part of this inherent quality of non-con- 
ducting bodies, receiving a ſtate of electricity with more | 


difficulty than conducting bodies, is eafily ſhewn by the 
following ſimple experiment: a piece of dry glaſs, held 


near 
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near 2 prime conductor, will receive no electricity, or al- 
noſt none, at the ſame diſtance as that at which a piece of 
metal or another conducting ſubſtance will have received 
a conſiderable degree of electricity, or even a full ſpark. 
| The ſecond part of this inherent quality may be thus 
demonſtrated: a piece of metal inſulated, as, for inſtance, 
the metal plate of an electrophore, placed upon the cake 
of reſin excited with a confiderable degree of electricity, 
will not receive any electricity at all, or only a faint one, 
when it is ſeparated from the cake without having been 
touched when it was in contact with the cake, or in the 
ſphere of action of the cake, though it was really i in a 
ſtate of actual electricity all the time it was upon the 
plate. Now, if the cake of reſin did part as eaſily with 
its ſtate of electricity as the metal plate, it would leave 
aconfiderable degree of electricity upon the metal plate; 
the more as it is well known that the metal does not 
i all reſiſt the receiving of it. 
Though it would be perhaps in vain to attempt a far- 
ther explanation of this inherent quality of non-con- 
ting bodies, yet it will be eafy to illuſtrate this law of 
Mature by an example of another inherent quality in all 
matter, which Sir Is AAC NEWTON calls the vir inertiæ; 
and is avis inſita, by which matter reſiſts being put in mo- 
ton, and when it is once put in motion requires as much 
VoL. LXVIII. 6 0 force 
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force to ſtop its motion as it — to be w_ from 
a ſtate of reſt to that of motion. A582 

Let us now conſider attentively the ſhun of. a body 
ſituated, as I have before deſcribed, in the ſphere of ac- 
tion of an excited electric; as, for inſtance, a cake of re- 
fin, a flat glaſs, or any other non- conducting ſubſtance; 
or, in other words, let us conſider the ſtate of the metal 
plate placed upon the reſinous cake of an electrophore, 


1 ſuppoſin g this cake to be excited with a poſitive electri- 


city; which electricity it acquires eaſily by ſliding the 
| knob of a Leyden phial, charged in the common way, 
over its ſurface and by various other ways. The ſuper- 


Es abundant electric fluid of the cake repels the electric 


fluid of the metal plate to its farthermoſt extremity, and 
excites there an accumulation of that fluid; or, in other 
words, produces there a poſitive electricity, whilſt it pro- 
duces a negative electricity at the ſurface in contact with 
the cake. 
If in this condition a conducting body by wii in 
contact with the metal plate, or within its ſtriking diſ- | 
tance, it receives a ſpark from it; which ſpark is the ele- 
tric fluid of the metal plate crouded upon the extremity 


of the metal by the repulſive force of the Soper-abundent 
electric fluid of the cake, 


If 


n be Rlectropborus. - 
"If: the metal plate be touched at that ſide where it is 
really in a negative ſtate, it will, notwithſtanding, part 
with its accumulated poſitive electricity; becauſe the re- 
pulſive power of the atmoſphere of the cake will force 
this crouded electric fluid out of whatever part of the 
metal is touched, the electric fluid paſſin g through me- 
tals very freely. 

The metal plate, thus deprived of the electric fluid 
crouded upon it, becomes i in a negative ſtate; but the re- 
pellent power of the electric fluid of the cake continuing 
to act upon the metal plate, forces what remains in it 
towards the farthermoſt extremity, ſo as to produce 
much the ſame ſtate as it had before it was put upon the 
cake; ſo that the negative ſtate, in which it is in reality, 
cannot appear but when this metal is taken out of the 
preſſing action of the atmoſphere of the cake; and 
therefore the metal plate bein 8 removed, by the inſu- 
ating handle, from the cake, gives evident ſigns of hay- 
ng loſt a part of its natural ſhare of electric fluid; or, in 
other words, of being electrified negatively, t the reſinous 
cke bein g more tenacious of the ſtate of electricity, 
Which it had acquired, than the metal plate. 
| If the reſinous cake be in a ſtate of negative electricity, 

(which it acquires by a friction either with a dry hand, a 
piece of leather, or a rough ſkin; or by ſliding the nega- 
6 0 2 tive 


tdee cake of reſin does not quit readily the electric fluid 
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tive part of a charged phial upon it, or bylmarry ether 
ways) the contrary muſt happen, vis. the electrie fluid 
of the metal plate, finding a kind of vacuum upon the 
reſin cake, ruſhes upon it, and thus —— its * 
extremity in a negative fate. * E 
A conducting body, having its natural quantity of 
| electric fluid, being brou ght near this metal plate, gives 
it a ſpark, which ſpark the metal plate retains as an addi- 
tional quantity. If the metal plate be afterwards ſepa- | 
rated from the cake, it muſt retain this additional quan- 
tity which it has received from the approaching ey 
becauſe the reſinous cake being, from its nature, more 
; tenacious of the ſtate of electricity acquired than the me- 
tal, remains thereabout in the ſame condition as it was 
before the metal plate was placed upon it; but the metal 
Plate, havingacquiredan Iditional quantity in the time it 
was placed upon the cake, carries withitthis quantity, and 
muſt therefore return from the cake in a poſitive ſtate. 
This confirms what I faid before, that in the firſt caſe 


which it had acquired; and, in the ſecond caſe, does not 
ſteal from the metal plate the electric fluid which it had 
loſt. | 3 
What Happens 1 to the metal plate * upon the re- 
ſinous cake happens alſo to the metal upon which the 
reſinous cake is commonly fixed; but the reverſe muſt 
i take 
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i Wake place, that is to ſay, when the upper plate is taken 
\ Wefthe cake in a poſitive ſtate, the metal under the cake 
nuſt be found in a negative ftate, if the — be 
ſaced upon an electrical ſtand. 
It may be aſked, what difference there is e an 
dectrophore and a coated phial, or a flat glaſs coated on 
sch ſides and charged? I anſwer, that there is none at 

il, if both or only one of the metallic coatings can be- 

aken off by filk firings, a piece of ſealing wax, or any 
cher inſulating ſubſtance. The very ſame day I received 
he electrophore ſent to me by. his Royal Highneſs the 
kchduke FERDINAND. from Milan (which electrophore 
was a thin reſinous cake ſtuck upon a flat piece of metal, 
which was adapted a metal plate furniſhed with a glaſs 
handle to lift it up) I produced the ſame appearance by a 
common pane of glaſs and the metal plate of the electro 
pore; but ſoon finding that glaſs, however dry, quickly. 
bles its electricity (probably from its. eaſily attracting. 
moiſture from the air) I tried to cover it with a reſinous 
ſubſtance, or to varniſh it over with a hard copal var- 
tiſh; by which means it was eafily excited by friction, 
ad retained a lon g while the electrical power, though. 
tot ſo long as the reſinous cake. 

I will now explain the nature of an electrophore in a. 


manner more familiar to electricians „ Who underſtand 
4 the 
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the received theory, by taking inſtead of an electrop 10rs 
only a common pane of glaſs, adapted as a magical Pi 
ture, with this difference only, that both coatings may he 
taken off by filk ſtrings faſtened to'them, or by pieces of 
ſealing wax. Having eſtabliſhed a free communication 
between the common ſtock and the under coating, apply 


the upper coating to the prime conductor of an ordinary 


electrical machine, the pane of g aſs is charged in the 
common way. The prime conductor has forced a ſuper- 

abundant quantity of electric fluid upon the ſurface next 
to it, by means of the coating, and as much 1s forced out 


of the oppoſite ſurface, and driven into the common 


ſtock. Open a metallic communication between the two 
coatings, and inſtantly the glaſs will be, as we call it, dif- 
charged: and, indeed, it is ſo to all appearance; ; but, if 
we examine more accurately what has happened, we 
ſhall find, that the upper metallic coating has parted, by 
the diſcharge, with all the electric fluid which the prime 
conductor had forced upon it, and even with that part of 
its own electric fluid which the repellent power of the 
1 ſuper- abundant electric fluid, communicated to that ſur- 
face of the glaſs by the force of charging, had driven 
into it; and that the under coating has recovered as much 
as the glaſs had forced through it into the common ſtock, 
and has above that acquired or abſorbed that additional 
quantity 
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mity wh w * ſurface of the glaſs, being brought 
u 2 Negative ſtate, had drawn from the metal itſelf, 
zud thus it will appear, that the glaſs had, in the diſ- 
garging, by no means parted with that ſtate of electri- 
ity which it had acquired by the force of charging. 
Now, glaſs and all electric ſubſtances receiving with. 
pore difficulty a ſtate of electricity, and parting with it 
mth more reluctance, the conſequence muſt be, that, 
men the two coatings are ſeparated from the glaſs, ſo as 
vt to be in the way of abſorbing or loſing the electric fluid 
by other conducting bodies being near them, the upper 
mating, which was poſitive when the glaſs was charged, 

ad nearly in its natural ſtate, when after the diſ- 
darge it remained in conjunction with the glaſs, muſt 


the diſcharge a ſhare of even its natural electric fluid in 
be manner mentioned. The under coating, which was 
na negative ſtate when the glaſs was charged, and (like 
he other coating) in a natural ſtate when after the 
icharge it remained in conjunction with the glaſs, muſt 
low, being ſeparated. from the glaſs, bein a poſitive ſtate, 
becauſe it had abſorbed a quantity of electric fluid in the 
manner explained; which ſuper-abundant quantity it 
nuſt take with it in the moment of ſeparation from the 
daſs, becauſe the glaſs being unwilling eaſily to change 


its 


v give ſigns of a negative electricity, having loſt by 


0 — coating, and a negative one from che other. if 


1 either . or poſitively by a Nerger excited Saß, 
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its acquired ſtate of electricity Jeaves the metal without 
robbing it of that quantity of fluid which it had ac. 
quired. þ "I 
If theſe two coatings, ſeparated from the glaſs, ar 
brought near one another, they attract each other; 2 
ſpark enſues, becauſe the coating, which has acquired x 
ſaper-abundant quantity of electric fluid, imparts it wi 
the other, which had loft as much; and thus a Perfed 

| equilibrium i 18 reſtored between them. 3 
If both theſe coatings are applied as before upon the 
fame glaſs, a poſitive fpark may be obtained from the up- 


they are ſeparated again from the glaſs, as inthe firſt caſe 
the uppermoſt coating will afford a negative ſpark, and 
| the undermoſt a poſitive; and theſe alternate _ * 
be continued a very long while. . 
This explanation or theory agrees perfectly with the 
experiments exhibited by our deceaſed member, the late 
Mr. CANTON, with elder pith balls hanging by linen 
threads from a wooden box, which balls are excited 


3 Odfervations and Experiments tendi ng to confirm 
Dr. Ingenhouſz's Theory of the Electrophorus; and to 


hero the Impermeability 0 ＋ Glaſs to Electric Fluid. ; 
' William n, F. R. S. 


© That 
8 there i is a great quantity of the elec- 
8 cal fre i in 957 that what it has it holds; and that 
“it has as much as it can hold: that what is already i in 
| it refuſes, or ſtron gly repels any additional quantity: 
that when an additional quantity is applied to one ſur- 
* face of a phial (for inſtance, by the atmoſ phere of an 
* excited tube) a quantity is repelled or driven out of the 
inner ſurface of that fide into the veſſel, returning 
u gain into its pores, when the excited tube with its at- 
© moſphere is withdrawn; and that the particles of that 
* atmoſphere do not themſelves paſs through the glaſs.” 
The following experiments, I think, remarkably il- 
uſtrate this, by ſhewing that bodies are very differently 
VoL. LXVIII. — — affected 


WAY 9 R. FRANKLIN has obſerved, 
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affected by a fluid acting immediately upon men 
through glaſs; or by acting upon them immediately by 
the glaſs, as above mentioned. 


EXPERIMENT. 


A circular box, three or four inches in diameter; 
and a quarter of an inch deep, is furniſhed with a 
thin glaſs for a top. In this box ſcatter ſome very 
{mall ſteel filings, or ſift them into it through a piece of 
writing paper,. which has a number of holes pricked 
through it with a pin. Then apply one of the ends of a 
magnetic bar to the upper ſurface of the glaſs; the filings 
will be inſtantly attracted to the glaſs, and remain there 
as long as the magnet is thus ſuſ] pended over them; but 
the moment it is removed, the filings fall to the bottom 
of the box, and there remain at reſt, The glaſs then being 
made perfectly clean and warm, let a fine piece of am- 
ber, ſealing wax, &c. be ſtrongly excited and applied to 
it as the magnet was in the former experiment; the 
filings will be inftantly in motion, and will continue fo 
for ſome ſeconds, When their motion ceaſes, withdraw 
the amber, 8c. and the motion of the filings will be re- 
newed, and continue as at firſt; thisſhews, I think, that in 
* — 
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doth caſes, they really act as conductors of the electric 
fluid between the lower ſurface of the glaſs and the bot- 
tom of the box, in order to reſtore an equilibrium, as 
upon Dr. FRANKLIN'S principles they ought to do; and 


that the electric fluid does not, like the > magnetic, abſo- 
— * the glaſs, 


EXPERIMEN T. 


Take a clean, dry, thin phial, ö about four inches 
long, and one inch in diameter. 
phial fix a ſmall loop of very fine iron wire. In the loop 
| ſuſpend another wire, about two inches and an half * 
length, by a ſimilar loop; and on the lower end hang a 
| light round ball of the pith of elder or cork, and be care- 
ful to give the wire as free a motion as poſſible. Let one 
of the ends of a ſmall magnetic bar be brought.near the 
fide of the phial, and the little ball will inſtantly come to 
the glaſs, and there remain as long as the magnet is held 


within the diſtance of its influence. Remove the mag- | 
net, and the ball inſtantly retires to, and remains in the 
center of the phial: then dry and warm the glaſs, and 
let an electric ſtrongly excited be applied to the ſide of the 
phial, as the magnet was in the former experiment; the 
7 5 2% TT ball 


In the cork of this 
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ball inſtantly comes to the ſide of the glaſs, and there re. 
mains ſome ſeconds, and then returns to the center of 
the phial. Withdraw now the excited electric, and the 
ball inſtantly returns to the glaſs upon the principle be- 
fore mentioned, which is more III ſhewn by the 
„ in the little box. 


Loet a piece of thin glaſs be placed as a cover to a 
_ circular box, about ſix inches in diameter, and three 
quarters of an inch. deep: put into the box twenty 
or thirty light balls of cork, or of the pith of elder; 
then, having made the glaſs very dry and warm, expoſe 
the ſurface of it to the electric matter iſſuing from the 
prime conductor to a good electrical machine, the balls 
will be inſtantly i in motion, and will ſo continue for ſome 

time, the box being moved in ſuch manner that every 
part of the glaſs may be affected. Then remove the 

box, and the balls being at reſt, turn the glaſs, placing 
the upper ſurfacedownward; the balls will then inſtantly MW 
renew their motion. When this ſecond motion ceaſes, 
touch the ſurface of the glaſs near the center with a 
finger, or, which is better, with a round, ſmooth piece 
ä 
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of wood or metal, the balls will inftantly fly to either of 
theſe, and will trequently pile themſelves up between 


de g glaſs and the bottom of che box, eight or ten in a 


uuſted. Apply the glaſs again to the conductor as be- 
fore, and when the motion of the balls nearly ceaſes, 


the glaſs all round. Make a communication between 
theſe coatings,. and the glaſs will then ſhew that it has 


ves, that the electric matter did not abſolutely pak. 
rough the glaſs, but only acted on the electricity 
ſherent in it in the manner explained by Dr. FRANK 

IN. 5 1 iz, | 
The direction of the electric matter, in the diſcharge 
a the Leyden bottle, hath been ſhewn in a variety ot 


II.); but I ſhall here mention one which, I think, 
very curious addition to the number. Mr. LULLIN, ot 
Geneva, placed two wires, the one upon, the other un- 
ler, a card, the ends of the wires, in contact with. the 
Grd > being about an inch from each other. This appa- 

ratus 


pie, and will remove themſelves, following the wood, 
kc. to different parts of the glaſs, till the charge is ex- 


remove the glaſs, and. place on each ſurface - circular | 
coating of metal, reaching within an inch of the edge of- 


keen charged, and will give a very ſtrong, ſhock: this 


methods (ſee Philoſophical Tranſactions, vol. LxIv. and 


1 
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ratus being made a part of the circuit, a charged bottle 
of Aa proper fi fize was diſcharged through it: when the 
charge paſſed along the ſur face of the card from the end 
of that wire into which it was diſcharged, till it came to 
the end of the other wire, and there pierced a hole 


EE through the card, paſſing by that wire to the negative 


fide of the bottle; and this ha ppened whether the bottle 
was charged poſitively or negatively. A learned and in- 


genious correſpondent of mine, the honourable xxx; 


RIC CHRISTIAN MAHLING, counſellor of ſtate at Copen 
hagen, Has improved this experiment, by firſt painting 
i the card 1 in a line about half an inch broad on each ſur 
face with vermillion. The charge paſſing in this line 
(che card being previouſly well dried) Mews its paſſage 

by a black mark on the vermillion, the mark being on 
one fide of the card when the bottle 1s charged poſi 


tively, and on the other fide of it when-the bottle i 


charged negatively. To which I would add, that a line 
of light is ſeen upon one ſurface of the card through the 
| whole ſpace between the ends of the wires in one cale 


for inſtance, when the bottle is charged poſitively. But 
no light is ſeen in the other caſe, that is, when the bottle 
18 charged negatively, till the electricity burſts a hok 


through the card to get at the wire which is in contac 
wit 


— — — — 
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gith the negative fide of the bottle, as in this caſe the 
charge paſſes along the under ſurface of the card. If 
de card. be placed vertically between two inſulated 
wires, as in the univerſal diſcharger, deſcribed in Mr. 
exvaLLO's Treatiſe on Electricity, the experiment may 


de made with great facility and certainty. The card 
may be fixed on a bit of ſealing wax, or ſet in a piece of 
wood, ſawn to a proper depth with a fine tenon ſaw. 
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L. Track of His Majefty's armed Brig Lion from England 70 Davis's Strei ghts and Labrador, with Ob/ervations for 
determining the Longitude by Sun and Moon and Error of Common Reckoning; alſo the Variation of the Compaſs 


and Dip of the Needle, as obſerved during the ſaid Voyage in 1776. By Lieutenant Richard Pickerigill, late 
Commander of the ſaid Ve el; communicated by Nevil Maſkelyne, D. D. F. R. S. and Mronomer Royal, 
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>) | 57 334 —— FE 2 — 3 =» | NW Coming on to blow hard, 
22 5 | 3 = 39 20 4046 7 a3 Ig |= -| #1 o1- © Fas log between theſe and che 
3 18 |45 35 6143 53 26063 35 26 ——:—-—— 9]= =|= = laſt a_rees pretty well. 
Noon. | 53 45 4118 16 22 858 34ꝝ— == =|- -]- -| -|- - |WNWſtrong gales. 
5 


| : 
| [i TH | OR | Strong gales, veſſel drifts very] 
84 VVV [= +” TSS TE: | WNW! faitto the Eaſtward. i 


1 „ "1 1 11 Iſs Dip. | . | 
5 56 s 55 195 47 og6 % of = =|= -| 61048 39\= = Fac W., dn 7s A | 

o =| 5 44 33 59 39127 27 os 53 25| = . 3 6D 78 300 = — Face W. markdown, 74 o 175 

438 32] 55 25 13 58 19 50 -| 5 52 30 52 109 8 30% ©.55- -|- -| 6 
5 


248 30 = = Face E. ditto, 174 30 
| 43 [> 3 | x. PEE pes Ring Eg | «1. Do WNW Fine Day. 
200 Noon. | 57 18% 14 40 20 10 55 1 


{ 2 | : ; b | ; . | 8 | EE, SY 1 
0 5 1 5 | 3 = E |A very good ſet. | 
27] 5 33 56| 57 15 |15 32 20 1 4 54 * 47 20,17 44 20119 50 5 6D —1 0 858 EE banks| 


| | | | | of Newfoundland, water 


| 
| S * } -Calm, tried FIN and got — o 
1 0 320 fathoms; drifted to the N. E. about 
| | | Ea two miles, and founded again in 290 
| | © | | fathoms, fine white ſand: at the ſamef 
3 ap „ FRET PAIN 90s >; —ͤ—ͤ— — 1 — r | By time ſaw 4 ſhag, gulls, and other figns} 
29 3 M | 3 | | | of land not far from hence. By running 
| | | | | 2 | | II about 19 miles NE by N. lofi 2 
| | | | | | | | | | ſo bore away, calling it the Lion's Bank. | | 
| | 


Swell from the Southwart, 
Carried away the fore-yard. 


July 1] Noon. | 53 25K 2 3130 2 | 54 21 =-{- 4 -Þ- -|- -| -|- = | SSW P. W. ſwell, loft all our birds. | 
a P.M. | 58 25 [ab 10 [5p 4s] -j= = 44 &- =|- -$3 3312 $1 9 | | 
| Nocn. 8 20412935 [34 61 $41 4 3p be „ — -| = = [— = | SW | 


0 2 ao | a 2 Fo mw | — |28 O i, — 91 | - 
r 1 22 4 Nye? - Very good obſervations and the] 
P.M. | 58 o 30 29 [35 o| -|=- = {15 35 30 ͤ—-— =—=|= =—|30 30 35 16| 6 
| 6 


eſſel ſteady, when made. 
PM. | 58 O 30 29 35 ©| -|- 7 4 46 44- =|= = 134 49 35 41 


| . Cape Farewell's lat. 59? 38'N.| 
WE RS (EB DTS ꝙ lr f Mah bony NE long. by obſ. 42* 42 W. 
7 „ %öͥ Cale mie =aicotele.' oi 6 
4] Noon. | 58 38 34 24 30 55 | 48 | 4 31 | 


59 12 37 28 41 59 50 | 4 31 | - ==; -|- ME GOES 3 


6] Noon. | 59 11 41 16 [45 47 | 48 4 31 | - 1 = | = „ Anh PBrced Kauw h - | ENE The Eaftermoſt part of it 


Saw Cape Farewell bearing 
{ N by W. by compaſs, diſtance 
about ) or 8 leagues. 


2 
2 
8 
8 


„ 9 09.8 e 777! nan gw Ma 


Vol. LXVIII PET 269 


— 


A continuation 


A Continuation of the Track of His Majeſty" 


"PEI 


Greenland, for the Determination of the Poſition of the Coaſt, as likewiſe the Dip, Variation, Sc. 


s armed Brig Lion, from Cape Farewell along the Vc Coaſt of 


| x 5 Long. . v Log time as read off | | = | } 
r Long: by + | — 898 iance Aai- | Var 1 o * Winds | N 
Time. itude in's 8 | 3 : — | | 
AJonth L* obſerv. mY a = 2 reckoning. Os alt.] )'s alt. 4 ky quad. Remarks, &c. | 
| 7” — 2 | | 2. a 
4 „ feen jo whſe.,n} oo & 6 MS #. © is „„ „ i OR. 2 = 
. 1 LA. Iu. NW | Very good RY TSS watgy 
| 5 | 124 15 L 52 ©\76 11 30 | ſmooth; amongſt a feld of j 
July dis 52 22059 46 0046 474/48 47 | -| 2 © 39124 30 30 30 53 0761 4 =-|=- =-| — None. | N Land from NE to SE, diftancef 
ee | | 24 42 0036 53 ©j'6 10 © off 8 or 10 leagues, making 
r — a deep bays. | 
RE ES. 3 24 32 3036 52 40% 10 56 | 
2 or "= - 6 | | 4 [ 
een a | — 1 
* 9 1 ͤ % 20 %% ff SE Clear weather; faſt in the ice. { 
> RE SR 23 3) © 44 30 | „Water ſmooth; land at NE to 
6 0 959 53 946 19 XS 3 ea .. | > ons babias 2 0 | SW !Cagues. | 
| EEO P's $ 23 25 © O Dip, Face E mark end down, 76 50 
1 * Co 3 44 Face W d.tto, * 77 © 
| Ks TTY CT | F | Poles changed, Face W &'t:o up, 6. rel 
1 23 32 0 44 10 | | Face E ditto, 1 76 xc 
| | | — y | | ; 
| gf Noon, 60 I 946 . HSE Ep< = Go... W1 © | 
| 10 Noon. 60 12 047 18 {51 21 | 38 [4 3 © - 241 24 2 - | — | => - | NNW|Hazy, no land in fight. | 
| 11] Noon. 60 30 0147 3 F345 5T BY & Cn ] I , — | = - |Variab.|Much ice, Þ 
| =—_ doit ot ot ot - L L Cape Deſolation E 4 leagues: 
| | es * 0 ka * ja 39 ſoundings at 146 futhoins, | 
| 21 38 © 44 15 | 
126 20 ofo 40 og %% -]= = |= —=|- — | | | 
* by * * 17 5 0 Bon 8 1 | 
| | 17 48 © 29 0 38 20 | — Very goo 
| 17 44 © | 38 30 | | | TI 
| | — | 
117 48 0 38 50 
oY, | Theſe obſervations were made 
| | —_..* 1 | cloſe to one of the ice glances, 
| l 58 0 [41 | o | — |None-| = = which I did not find 2 
| | N 57 3? | + effect on the compaſs as ſomeþ 
| | | 75 | | . 1 Had very ir- 
| | | regular {oundings from 80 t 
20 © or: 4 48 o -| - |= - = | — — £ tos fathoms about 4 leagues 
| ih 3 | — pox „ of the land, which is high and 
| | 1 5 ragged, being moſtl coyered 
| | 36 10 1 SS 8 7 
| | | — Oy | J with ſnow aud! ice. 
| | . 
Noon. 61 28 048 9 52 12 400 44 2 ß) „ FE and from SSE to NE, 
| 1 4 | | E | , | ' 
[ | 1 28 < 53 © Il 4 Dip of the needle, mean 80 50 
üs 33 . 54 © 48 58 | — None. - |4 The large ice glance NE 
| | | | | | 
| 15 39 54 o | 18 about 5 or 6 leagues off. 
| | | | | I; 33 of | 53 4© 
| Sa 52 © Z E Fried the „ needle, the 
Es SE & 51 9 52 30 49 46 | — None. mean of the four ſights gave 
1% © ofa 4 % e =o EMT — . 
| | 18 10 of 52 20 1 F 5 
„ Sora 
23 42 0 4 6 0 45 | 3 Bs — - -—- |} filled with frozen ſnow, even 
| 23 47 " ng 40 3 | C to the tops of the hills. 
| 3 | © | | | 
Noon. 62 11 0048 © 52 3 394 2 „ l Calm. Dip of the needle 81 30. 
a5 2 0 42 © | Many iſles off this part of the 
| | 1 28 0 © 43 © 46 54 — None. | - - |J coait, and ſoundings about 12 
| 24 58 © 43 © leagues off, though none cloſef | 
| in- 
| „ 42 40 
147 © © 8 — ew jw: = 8 25 
4 7 62 12 048 15 11 the ab Sal 4-1 2 
17 46 © 27 40 48 17 | — None. Clear weather; 
[17 40 © 28 30 | | 
5 | — — 
17 47 © F 3 
| | {LandfromN 30 E to 8 2 E 
Noon. 62 50 2 0 63 3404 2 , as 5 +8 | leagues off. : f 
r 6 /// K. oe Bl 41 weather; land NE to 
5] Noon. 63 14 049 53 [53 56 41 |4 2 SWISS. beagues off | 
| 1 Thick weather; fell in with a ridge 
| | of rocks, 28 miles B. from hence. This 
16] Noon. 64 38 951 26 $5 32 +2 4 6 _ 2. 9 woes Wha r eo” SW { 1 b wi four. 4 the thi Thal 
miles to the N. of account. 
| | 5 | At anchor in an har our, callec 
17] Noon. 64 57 0/52 563 TOES . TAE” 0 Muſketto Cove, until the 27(h.| 
| ouble bein | 
ED. m_ ed 3 Neareſt L. {Theſe obſervations were oc 
N . 68 48 © 68 $3 0 on ſhore w-th a reflefted hor 
| | 68 18 © 68 3 O 2 aol tut lat, a ſettled 
2 1 TS S © 68 2 by many n dien alti- 
21 3 25 154 55 1352 532 61 67 40 © IM Rot 68 : © Bees. Raft: 5 W . tale IIa her Ene and} 
10 7 18 © | 168 6 15 clear fo that ten au wor fork 
| 67 10 © e the Oo vations, tlough no! 
— 2 N for the workings 
| 1 8 | | 197 52 20 J68 4 12 1 2 7 


A curtacer 


1001 


A further Continuation of the Track of: His Majeſty" armed Brig Lion, from Moſketto Cove, 3 
| * — of um &c. 


5 * 


>” — 
— — 


* ; 


5 f 5 { | . E as 1 
of th* | Time. | Latitude. | YR} ſhip's EPS: common | (08 
onth. | obſẽrv. 8 5 reckoning | Remarks, &c. 


O 


8 40'S „„ 0 / 7. 


* * 
71 A 


| 
1 Ire. : bs 98 D's alt. 
"_ 55 — — 1 
| 


By theſe obſervations I deduce this Cov 
to lay in latitude 64 55 t; N. 
and longitude 52 56 30 W. 
Variation 36 OW. 
Dip of the needle ts 2 42 30 
Flow of the tide, ſpring, 14 f. 4 
— — — — eie, 9 


1. 
„. 18 water full and change at 1h. 15 


— 


— . RD 


u aUJ ur SA rp dqzur 19 


Dis. "ow © 6nd ant drm; 82 
| | Face W ditto, 81 15 
12 Face W — 80 3 
14 © $5 1352 564 — -|61|= = 62 49 = = ny Oy 1 
2114 © 0064 55 1352 560 — -|61]- — (66 2 30 = 
27] Noon. 64 49 04 25358 31 43 1460üů =|= = | 
18] Noon. 64 40 955 855 39 35 39 4 6 | - * _ No ſoundings, clear weather. | 
29] Noon 14 O = | 
9 1 105 4 58 10 2 16 3714 6 — — 3 no icy, and ſteady weather. 
oon. 8 O 1 12 4 al 5 loſe to A very cxter:five field of ice 
30 5 3 $9 30 3 36 | 44 4 6 8 = 4 and an appearance of land at the back; 
| | | | | the dip of the needle as underneath: | 
| ; Mark end up, face F. 36 © 
pag a” — face W. 85 40 
oles changed, face W. 25 59 
— — — fes W. 25 30 
IIs 50 © 
| 
16 2 © = = 
16 29 © 
— — - 4 — — N 
16 7 © | 
— 
4 6 | | Pr — | — — Salling along the field of ice to the N. E. 
| G | = | rigging troze | 
4 ; | * 15 | Loi fight of the ice. | 
14 6 » — — PR =fnvSm|— | —j — | - - | F Saw another large field of ice to the Eafi-f 
BY ; | ward. 
| . 4 6 * — 4 —2—ᷣ — — — | — | — — K-43 Theſe fowr days ſometimes thick ſog 
| | | | | | '1 . 5 . f and others clear weather, a heavy 
| | * | | | | ſwell trom the South. 
EE, ; of ; | | : | | 
4 6 5 2414 — | = es eio ates is ne this night was in latirude 68 140 
| „ 9 0 | and nearly the ſame longitude as at noon. 
| 4 6 — 1 1 PPP 1 G⏑ ͤ of 1 4 hems quantity of very large ice iſlands, 
x | 1 75 | CES EIS I | 825 | and a great ſea, with thick weather. 
- 4 6 | h — == SYS BIS . Freſh gales, thick weather, and ice iſlands. 
| "Þ UL | 1 J Saw high land bearing N. E. diſtance 2 
- | E BR a | 2 et N * = | leagues, a great ſwell, and little wind. 
5 BW a rs 3 | | | Light airs all this day; the land appear 
4+ KY — — — — — — — 
G | | 0 | | x 9 5 0 „ „ eee 
4 6⁵· > Wc ES. ,,, 
| 1 * { leagues' from the land ſoundings from 
4 6. * = | - {os as J 60 to 25 ſathoms, ſandy ground. | 
| S : S frat | e in and out to get to the ſouth 
O 39 © | 5 ward, wind 8. W. blows blows Arong. | | 
1 *.0 37 © ; 
© | | 
39 © | 
66 38 066 48 | ; „„ Ts When thefe obſervations were taken 
5 4 — — 1 — — — Ol — — — _ > O ked. „ — W — „ Mount Cuningham yore SSE, diſtanc 
| 0 0 — O 2 8 | = about fix leagues, depth of water 65} 
1 ' . N | . fathoms, * ground. | 
| 15 10 30 38 
45 
66 30 9,56 31 60 37 [46 [4 - OPS JO Foy GR Land from SE to ER 2 | 
| |. PE 47 q- 24 30 
1 11 37 © ö — 4a Þ | : | Gary 0 : : 
| 5 | It 26 Ol | | .. 126 20 | 2 lh Ae RE ae . bag: 5 . ES 3 
— — — — — 4 1 1 19 01 a_ | — > * 21 0 56 54 N * None. ö = 5 8 2 8 ST S ; 
” 1114 9 . [21 30 b 
| E i} | { When theſe obſervations were taken 
4 | * | f 1 there was little ice in fight, the wea- 
C 11 34 30 22 32 I edn, — nn —4.— from E. 
1 | 1 which was high about 12 
- 1 = LY leagues off, being chat part named. 
37 5 © Christian Sonnd, and where the Danes 
4 28 © E-6: 46: _ ſome wears worked a filver mine, 
2 © | aud as this coaſt has in many plac 
4 25 | 6 © : ſtrong appearaaces of iron ore, chit may 
| 421 © 6 
66 , | : 3 | 40} 5 | ten un x all probability may oc- 
6 2 . ˙ rey | | | cation this hig variation. 
| | 4 8 O | 5 O | . — 
| | 
144 5 © | 4 40 
12] Noon. 66 2 0,56 45 60 51 | 44 | 4 6 Tz 3 ee ee 1 — | SW land in fight. 4 
| | | [4.2260 23 10 | 
| 17216 © 23 45 
| | | 35% 8. 21 40 
13 8 O 0065 58 oe 49 = 1 „ 6 57 3 3 _ [22 45 2 1 The extremes of the land from NE. to 
. | 1 6 44 © 22 $5 $7. 23 | — _ SW. diſtance fix leagues. | 
1 1 | | 6 37 © 20 30 | 
| EE + 67 9 49 22 1 4 
13 Noon. 66 7 9054 43 58 49 | 53 4 6 4 = e Ht 1 3 9 F Within one mile of the mouth of a rocky 
5 | 1 | | | 18 | | river, with a rapid tide 
4] Eo» 5 27 BITE — * 58 | 50 | 4 6 L — — 1 — a „ ² ˙ G og poo from E. to EN E. very high. 
15 Noon. 65 22 © 56 12 60 18 40 | 4 6 25 1 1 e e Hard gales with much rain, and a great 
16 N | | F Þ as as Fro ; ſea, wind SWBS, weather thick. 
9 56 50 60 56 42 | 4 6 3 = | = == = |= -|—|—- WSW Thick cloſe weather, with little wind. 
17 Noon. 65 1 55 29 59 35 44 | 4 6 2 1 pits e T A ssw Foggy weather. 
18 Noon. 65 3 Cic4 2 58 58 - | 4 6 _ 3 = | os 1 The lard like Iſlands. Caught many 
| wel nd Fran Weg Beal: Bite! large hollibutts. 
| | | Dip, mark end up, face E. 83 30 
19 + 0 c 64 32 O 53 50 | _ _ — — { an” — — = — — — — — 14 — — — — — — — - 3 face W. 54 42 
| | T'oles changed, ſac 85 0 
1 A 5 j — — — "fs 85 © 


I IS ee eee RENE) A Track 


1 


A Track of His Majeſty's armed Brig Lion, from Davis's Straits to the Coaſt of Labradore. 


was the laſt we ſaw. 


Fee,, , , e 
„e , -j- -J- 21 ==] =] _ 


_— — 5 Long. | > 1 Error] As read off qua- 4 EY 
Days 5 1h by = 8 of com- drants Diſtance | Azi-- þVaria-} g | Errors of |- . - - | PEN 1 
of the Time. | Latitude. 955 ait ſhip's |» 8 mon . —obſerved. maths. | tions. Wo quadrant. Winds.“ Remarks, &c. | 
Month. EY enV. | reck F = reck. | O's alt. »'s alt. e £63.87 IN 6-4 3 
Gf - Sv 0 * 2 # 1 1 7 740 2 mio K. 0 2 1 1 ; « | ra * | 1 8 _ X | 
| . E | i TE | þ +: | | A : 3 | 
 [Aug-19] Noon. . 43 O3 25 88 31 41 4 „„ „ c. EEeee Tao r 
5 | | | 33 12 O6 33 060 © 30 F ] | G | 
| . 33 5 0016 39 0060 1 30 E | ö 
| | 33 ©. ©j16-42 obo 2 © | | 
| | 5 32 57 0116 45 o 4 9 | : | 
19] 2 26 064 34 052 359 |=- -| - Þ -3{32 54 916 47 %% 4 q- -|- =j—[- <-]- - * 
| | | 's [33. 50 qe 51 060. 8 -© | | | | 
| | 
| +. i6 42 500% 0 2 50 B:; | \ Theſe obſervations are ver | 
2 the 44 o16 50 0% f % | | | NO | ee ee cor erde, 
| | 32 36 q 3 oj6o 6 © | 11 for the working o: 
| 32 33 7 7 60 7. © | | | | | - 
| . Hh | 32 27 ofi7 10 obo 8 e | | ' b 
19 2 22 O16 4 34 0152 50 — — — — =} 32 22 0 17 12 O60 „ , j | | 
| | 1 32 20 17 14 0060 10 © | | 
| | | tm | | | e 1 
| JJ | | | 
200 Neon. 64 33 054 3515841] -E 6 |= --- -|- -|=|- =<|þ- - { nts ths cont the gon 
| ; | „ | . | 1 had on deck. e | 8 
he . N | l 2G | FF 5 | 5 | | E | Ir This ni for the firſt rime (che 
, / / ant ie a 
| | | | | = : | | | | | | —_—_ but was neither ſo ſtrong nor 10 
| | S 20 o 40 084 9 © | LT | 1 — og paar: 
| T5 19 10 38 of84 11 © I A | 4 F 
5 6 oſao 36 0084 11 © | | N | | e By the — on the roth, I Sud 
ff.. TR J 4 oo 32 984 12 c 1 | rr 
21; A. M. 63 36 r * =} 4 42 ©JjIO 25 987 „„ aha toon ants os 1 — 3 theretore th 
| | | | | | | | 1 4 7M | | | r 0 oblt ations, P | 
1 | | 3 | | 4 28 O10 23 | . 84 3 | f Z 1 chnk them x fuk — 
— | 3 t 4 59 500/10 32 2084 11 10 | = | = 
oa) Ween. Go ns 983 4 lbs 1 | Hi ——ä— =f= == aj — -j- - [| Jem. 77 06s potey wn 1a leagues, which 


„ Noon. [8 4 oz 46/7 45| mg [= =|- |= =|--|- -|=]- -| E 
,, , , ... 
* 54 54 | | * 12 812 . * __ * | 
on Nom. icr 4 Con , T ST Ty, :* Saw the firſt ice Iſlands on the Labradore. 


29 Noon. 53 7 9,52 6157 5 60 % 59 2 = == |= -|- -|=-|- = 


30 Noon. {53 33 


„%% I 8 3 

| | : | 1 | | C Round Hill Iſſand, bore NW. ſix or ſeven 
; 4 „ | | + f | | { | | 1 gues, ay the eaſtern part of 
210 Noon. 83 C 8 58 57 | = To. aff oj ej- cf. -j—j . ng... and 
31 Noon 53 25 53 5 3 57 | ; $9 g | | a6 - gs - | 1 | | . 3 32 N. longitude 54 29 W. 


reenwich. 

We anchored in Porcupine Harbour, where we ſtaid until the 26th of September, and from thence proceedec 
o England; which being a common rout, I ſhall conclude with a few general obſervations on this part of the 
world, ſo little known and fo terribly repreſented by people who, in order tp raiſe their own merit, make dan 
ers and difficulties of common occurrences z merely becauſe the places are unknown, and there is little or no 
robability of their ever being contradicted. I do not mean this as a perſopal reflexion; but having difcourſe-! 
ith many of the maſters of Greenland veſſels, as well as their employers, and heard fuch dreadful. ſtories of 
hoſe countries, I cannot help remarking it as a circumſtance equally fooliſh and ridiculous, tending to miſlead 
hoſe who from a laudable principle would be benefactors to their country, but are deterred from it by ſuch re- 
reſentations; and I appeal to thoſe ſeries of facts for the truth of my aſſertion, The weather in Davis's Straits 
„ in the ſpring and autumn, boiſterous; the ſeas run irregular, like the Gulph of Lions, and other 
places I could inftance (that is ſhort and high); occaſioned (I imagine) by the narrowneſs of the Straits, the 
many impediments it meets with from the ice, and its being open to the ſouthern parts of the Atlantic Ocean. 
ks the ſovith winds are always the ſtrongeſt, bring thick weather, and the greateſt ſea, ſo the northern ones bring 
ne clear weather, and are ſeldom ſtrong. I ſhall here finiſh theſe obſervations, with the particulars of them, 
kc. and ſhall communicate obſervations on the ice, the atmofphere, the land of Forbiſher, and the probabilty 
ff a north weſt paſſage, in a ſhort time. 3 
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This NAMES of the DONORS. 


_ 
ov. 6. Academy of Peterſburg. 


1 Goth. Stritters. 


Mr. Euler. 


Mr. R. Robertſon, 


Dr. 8 
Ed, Huſſey Delaval, Eſq. 


Dr. "PEI 
Duc de Chaulnes. 


Theorie complete de la conſtruction des 


Preſents. 


Four vols of their Commentaries, v viz, 17th, 
- 18th, 19th, 20th. 4® 


Memoriz populorum olim ad Danubium 


etc. incolentium, 2 vols, 4 


Vaiſſeaux. go 


Eclairciſſemens ſur les etabliſemens pub- 


lics en faveur tant des veuves que des 
morts. | W 


Inſtruction detaillee pour porter les lunettes 


au plus haut degre de perfection. BY 


Theoria Motuum lunz, _ 4 
A Phyſical Journal kept on board his Ma- 
jeſty's Ship the Rainbow, 4 


Pharmacopia in uſum Gravidaruma 30 


On the changes of Colours in opake bodies. 
1 4 
Materia Medica è regno vegetabili. 80 
Memoire ſur la veritable entrẽe du monu- 

ment Egyptien. 4 


Nouvelle Methode pour ſatarer d'air * a 


la fois & en moins d'une minute vint cinq 
ou trente pintes deau. 4 
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1777+ | 
Nov. 6 ] Abbe,Rezier. 1 


Dr. A. Hunter. 
Mr. Wales. 


Dr. Simmons. 
Ms mY 
Mr. Gohet. 
Mr. Jeaurat. 
Sir james BESS, 


| Nor. 13. Mr. Parkinſon. 
Mr. Larcher. „ 
Samuel Wegs. * 


20th, Mr. Magellan. 


Dr. Caverhill. 
e Leon. Ximenes. 


Mr. Grienfeild. 


27. Mr. Baretti. 4 
Lord Grantham, 
Dee. 11. M. r Needham. 


Mr. Bouchaud. 


Mr. le Sage. 

Mr. Dalebarre. 
Edward Jacob, Eſq. 
' Upſal Academy. 
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; Deſcription of a Glaſs Apparatus for making 


— Phyſiques pous les mois de Jai 
Fevrier, Mars, Avril; Mai, Juin, 1777. 4 
New Edition of Evelyn's Sylva. 4® 


Obſervations made during a oP round 


the World. 4* 
A Diſſertation on . Diſeaſes, go 
Account of the Tenia. 8 
Eſſays de Jean Rey. ' * de 
Connoiſſance des tems pour 1 
A Portrait of himſelf preſented at the re. 


quelt of the Council. 
A Journal of a Voyage to the South Seas. | 4 


| Memoire ſur Venus. go 
Meteorological Journal of the Weather, kept 
at York Fort Hudſon's bay. _ 
Oeuvres de Bernard Paliſſy. of 
Diſſertation ſur Porigine de la Maladie Ve 
nerienne. P 


Mineral Waters. 1 g* 


— Explanation of Daniel's ſeventy Weeks. 90 


Diſſertatione 1 intorno alle Offerva zione * 


tiali del 1778. 0 
Dell Eletricita Terreſtre Atmoſ pherica, 
&c. P 
Sopra il fulmine Caduto. 12 


Fungorum Agri Ariminenſis Hiſtoria, { 
Obſervaciones Aſtronomicas de Cadiz. / 
Memoires de I' Academie de Bruxelles, 


tom. premier. 8 


Theorie des Traits de Commerce ent 


les Nations. OP 
Experiences ſur PAIkali volatil Fluor, J 
Memoire ſur le Microſcope. 18 
Plantæ Faverſhamienſes. } 
Second Vol. of their Acts. — 
Account of new invented Stoves 1 
warming Houſes. | 


Letters concerning Iceland, 


1777. 
Dec. ti. Seockbolin Academy. 


r 
— — — 


1778. | 
Jan. 22. Odoardo Gherli. 


29. Archbiſhop of Canterbury. 


Feb. 5. Mr. Bertier, 
Mr. Bernoulli, 


19. Mr. Le Roy. 11 
Charles * — 


Mar. 5+ Mr. Cuth. Clarke, 


Mr. Belluga. 


April 9. Mr. Tyrwhitt. 


Mr. Mountaine. 


April 30. La Comte Carbari. 


May 14. Dr. Horſley. 


= Dr. Read. 
21. Dr. A. Hunter. 


June 18. Mr. Jeaurat. 


Mr. Darquier. 


— 


— a 


PAbbe Rozier. 


July 9. Society of Antiquaries. 5 
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Theory of the Earth. | 
Eſſay de Batir ſous PEau. W 


Vlementi Teorico pratice del Matema- 


tiche pure, tom. VII. "0 


A Liſt of various Editions of the Bible. 8* 


Hiſtoire des premiers temps du Monde. 80 
Nouvelles Literaires de divers Pays. 8* 
Ephemerides Aftronomicz, 0? 
Du Pronoſtic dans les Maladies Aigues 80 

A Collection of Prints in Imitation of 


Drawings. 2 vols. fol. 
The Theory and Practice * Huſ- 
bandry. * 


A ſet of Micrometers in a — Caſe. 


The Grammatical Works of Don Gregorio 
de Mayans, 9 vols. 129 


The 5th vol. of the new Edition of 
Chaucer. * 


A Deſeri ption of the late Mr. Robert- 
ſon's Improvement of the Gunters 


ſcale as executed by Meſſ. Nairne 
and Blunt. 80 


Monument Gleve3 Ia Gloire de Pierre le 
Grand. | fol. 
A Sermon, entitled © Providence and 


Free- agency.“ 4 
A Collection of Medical Eſſays. 129 


A Philoſophical Diſc. of Earth.  8® 
Connoiſſance des temps, pour 1780. 80 
Obſervations Aſtronomiques faites 2 a Tou- 


louſe. 4˙ 


De Cauſis Rom. Juris, tom. IV. pars L 
Obſervations Phyſiques, tom. X. 4? 


An hiftorical Deſcription of an ancient 


Painting at Cowdry in Suſſex. 
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TO THE 
rr EIGHTH VOLUME 
OF THE 


PHILOSOPHICAL TRANSACTIONS, 


POL TER | how puniſhed among the Battas i in Sumatra, p. 166, 167. 

Air. Experiments upon air, and the effects of different kinds of efluvia upon it,. 
made at York, p. 194. Soil and fituation of Vork deſcribed, p. 195, 196.. De. 
ſcription of the apparatus uſed. in making the experiments, p.. 197. Experiments 

on the ſtate of the air, p. 198, 199. Experiments to find the effects of animal ex- 
halations upon air, p. 199—201.. To diſcoyer the effects of vegetable efluvia upon 
air, p. 201203. Remarks on thoſe experiments, and on the dreadful conſequences 
_ ariſing from animal and vegetable matter in a ſtate of corruption, p. 203—207. 
The effect of efluvia from ripe fruit upon air, p. 207,.208. Experiments on the 
effect of odours upon air, .p..208, 209. Plants have a different property in them in 
their growing ſtate, p. 210. Experiments on the effects of the effluvia from moiſt, 
marſhy, and other kinds of ſoils, upon air, p. 210—217. Loamy, vegetable earth, 
contains but little noxious effluvia, p. 218. Pure clay and ſand ſoils favourable to 
health, as they emit no noxious effluvia, ibid. Inferences proved by the preceding | 
experiments, p. 218—220. 
Air, uncommonly clear in Cheſter, p. 134. Water correfts and 8 air ren- 
dered noxious by reſpiration and putrefaction, p. 141. Concerning the expanſion 
of air in meaſuring heighths with the barometer, p. 682—684. 

Albicore, ſome deſcription of one, p. 396, /aft column. 
Algebra. On the arithmetic of impoſſible quantities, p. 318—343. Reflections on the 
communication of motion by impact and gravity, p. 344—379. Obſervations on 
the 
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the limits of algebraical equations; and a general demonſtration of Des Cartes 


rule for findiog their number of affirmative and negative roots, p. 380—388. A 
method of finding, by the help of Sir Iſaac Newton's n E . a _ 


value of the very ſlowly converging infinite ſeries x += = + = 4 N 7 * 


&c. when x is very nearly equal to 1, p. 89;—gor. A method of —_ Car- 

dan's rule for reſolving one caſe of a cubick equation of this form, x*#——qx=x7, to 
the other caſe of the ſame equation, which it is not naturally fitted to ſolve, and 
which is therefore often called the irreducible caſe, p. 902—949. 

Amalgam of zinc, on its uſe for the purpofe of electrical excitation, p. 861, 
Amſterdam, the proportionable number of inhabitants that die there annually, p. 154. 
Andernach, vaſt quantities of tuffa there, p. 5. It produces a conſiderable trade between 

that town and Holland, p 6. | 

fade fon, Mr. his account of a large ſtone near Cape Town, p. 102— 106. 

Animals, Of the heat, &c. of animals, p. 7. The more perfect . have the 
greateſt power of retaining a ſtandard heat, p. 8. They vary from their ſtandard 
heat by external applications or diſeaſe, p. 8— 13. Experiments to find the differ. 

_ ence in the quickneſs of the tranſition of heat and cold in living and dead parts, 

| = and if the latitudes to which each would go were different, P- 13, &e. Parts of 
1 an animal capable of becoming much colder than the common or natural heat, 
F | p. 14, 15. The ſame parts capable of becoming much hotter than the ſtandard heat 
23 of animals, p. 1517. Actual heat increaſed and decreaſed' by the application of 
> ol external cold; and the heat varied according to the powers of life, in the fame 
parts, and in different parts of the fame animal, p. 17—19. Every part of an ani- 

mal is not of the ſame degree of heat, p. 21—23. Fowl ſome degrees warmer 
than quadrupeds, p. 23—25. Imperfect claſſes of animals capable of varying their 

heat to that ſtandard which can freeze the ſolids or fluids when dead, p. 25—27, 

Experiments to determine what degree of heat imperfect animals could be brought 
to, p. 27, 28. To determine whether life has any power of reſiſting heat and cold 

in theſe claſſes of animals, p. 28. Power of reſiſting heat and cold exifts in animal 

ſubſtances devoid of apparent organization and motion, p. 28— 30. Remarks on 
the foregoing experiments, p. 30—33. Experiments in freezing parts of animals, 
with a view to ſee if yy would be reſtored to the actions of life when thawed, 

p. 34—38. 

Animal exhalations, experiments to find their effects upon air, p. 199—20r. 

Autients, their opinions concerning the communicating of motion to bodies, p. 344, 

Artirrhinum flowers, the effect of their efluvia upon air, p. 202. 

Anti;eptit Regimen of the natives of Ruſſia, concerning it, p. 622. The habitation and 

manner of living of a Ruſſian boor — p- 623-627. Their manner of pre- 
paring 
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paring the common drink, called Ruſs quaſs, p. 627, 628. How the better ſort of 
quaſs, or keeſla ſtchee, is made, p. 628, 629. Remarks on it, p. 629, 630. Their 
manner of making rye bread, p. 630, 631. How their ſalted cucumbers are pre- 
pared, p. 632. Other food which has the fame tendency, p. 632, 633. Of their 
cloathing, baths, and manner of ſleeping, p. 634, 635. 


. 


Ants, various kinds in the Caſſia country of Sumatra, p. 1177. 
Apparatus, Deſcription of one to ſhew the different effects of points and balls at t the 


upper terminations of conductors, to ſecure houſes, &c. from lightning, p. 156, 1 55. 


Experiments with it, p. 156—159. Deſcriptions of an apparatus uſed in making 


experiments on the effects of different kinds of effluvia upon air, p. 197. De- 
ſcription of one for making new experiments on the nature and uſe of conductors, 


p- 247—254- Meaſurements, &c. thereof, p. 3:1—313. Deſcription of a forked 


apparatus for determining the effects of pointed and ſpherical terminations to con- 


ductors, p. 1001-1003. Deſcription of the electrophorus, p. 1027, &c. 
Arabs, An account of a moſt dreadful putrid fever, cauſed by the Arabs — the 


Turks at Baſſora, p. 215. 


freometry. An eſſay on pyrometry and arcometry, and on phyſical meaſures i in ge- 


neral, p. 419. See Fyrometry. 


Ariftotle, his opinion concerning the communicating of motion to 8 p- 344+ 
Arithmetic. On the arithmetic of impoſſible quantities, p. _— 34 3. 

Aſa-fetida, its effects upon air, p. 208. 

Aftronomical Obſervations made in the Auſtrian Netherlands, in the years 1773, 1774s 
and 1775, p. 637. How the obſervations were taken, and with what inſtruments, 

p-. 639—641. Longitudes of ſeveral places, p. 640. Latitude of the Refuge de 


Vrowperg, Rue des Dominiquaines, at Louvain, p. 642, 643- Its longitude deduced 


from obſervations of Jupiter's ſatellites, p. 644. For the longitude of Louvain, 
p. 645-654. Farther obſervations of Louvain, p. 654, 655. For the loogitude : 
of Bruſſels, p. 655—658. Farther obſervations at Bruſſels, p. 659, 660. 
Atmoſphere. Experiments upon vegetables, reſpecting their temperature com paratively 
with that of the atmoſphere, in different ſeaſons, p. 4: —48. State of the atmo- 


ſphere and ſeaſon preceding the earthquakes of 1749 and 1750, p. 228. State of 


them preceding the earthquake at Mancheſter, &c. p. 228—231. Concerning cer- 

+ tain atmoſpheres which bodies have round them when properly . with . 

fluid, p. 30309. 

Auſtrian Netherlands, aſtronomical obſervations made there in the years 1772, 1774. 
and 1775, p. 637. See — Obſervations. 
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Baker. The Baker lecture for the year 2778, rnd by Dr. Jens Tpgeobous, 2 rt 
See Llectropborus. 


'Balls, The force of fired gunpowder, and the initial velocities of eder belts; de- 
termined by experiments; from which is alſo deduted the relation of the initial vo- 
locity to the weight of the ſhot and the quantity of powder, p. go. See Ounpe aer. 
Balls at the upper termination of conductors, to ſecure houſes, &c. from lightning, 
not ſo uſeful as points, p. 155-159. Rounded conductors ſecure buildings againſt 

the effects of lightning better than pointed ones, p. 245, &c. Pointed'conduRors 
recommended as the moſt effectual for this purpoſe, p. 314—317. Inquiry whether 
ſharp or blunt-pointed conduQors are the fitteſt to preſerve buildings from lightning, 
p. 801—820. Experiments on electricity, being an attempt to ſhew the advantage 
of elevated pointed conductors, p. 823—855. Remarks on Mr. Wilſon's experi- 
ments on the nature and uſe of conductors, 855860. New experiments on the 
Leyden phial, reſpecting the termination of conductors, p. 99g—1ott, 


Bamboo (a kind of reed), houſes built with it in the iſland of Sumatra, p. 102. How 


the inhabitants write with it, p. 164. Uſed in their fortifications, p. 165, 166. 
ws e marriages and burials in the pariſh of Blandford *— Dorſet, * 


forty years, p. 61 ß. See Blandford Forum, 


Bark of oak, why preſerred for the purpoſe of tanning, p. vt. How prepared for 


that uſe, ibid. 
Barker, Thomas, eſq. abſtract of ks regiſter of the barometer, thermometer, and rain, 


at Lyndon in Rutland, in the year 1777, p. 554. See Lyndon. 


Barometer, ſtate of it at Fort St. George in the Eaſt Indies during the months of 


October, November, and December, 1776, p. 182—188. And in January and 
February 1777, 188—192. Abſtract of a regiſter of the barometer, thermometer, 
and rain, at Lyndon in Rutland, for the year 177, p. 554. See Lyndon. State of 
the barometer at Briſtol for the year 1777, p. 567. At London for each month 


throughout the ſame year, -p. 57597. Greateſt, leaſt, and mean ge of it 


there in each month, p. 598. 

Barometer. Compariſon between Sir George Shuckborgh and Colonel Roy? $ * for 
the meaſurement of heights with the barometer, p. 68 1. General correſpondence of 
their reſults, ibid. Some little difference in their enquiries ariſing from the ex- 
panſion of quickfilver and the expanſion of air, p. 682. On the equation for quick- 
filver, p. 682, 683. On the expanſion of air, p. 683, 684. A compariſon of their 
obſervations, p. 685. Remarks on the compariſon, p. 686, 687. A new rule for 

reducing the obſervations, p. 688. 
Barewhy, near Leeds, a journal of the quantity of rain that fell there from 1772 to 


4717» P* 572. 


% Barr, 


by ty 


8 | 

Zur, div. his jouznel of the weather ae Montreal, p. 559. Tee Pink. — 

Baſaltic Columns in the walls of the town of Cologne, and uſed as poſts in the ſtreeta, 
p- 2. Columns of the ſame fort in the walls and reets of the town of Bonn, p. 3. 

Baſin, a fine one in i the iſland IIhao, neat St. Miguel, p. 603, 604. | 

Bray an account of a moſt dreadful putrid fever there, cauſed by the Arabs, p. 215, : 

Batiat, the inhabitants of the Caſfa country in Sumatra fo called, p. 165, A parti- 

. cular account of them, p. 165, &c. | 

Beccaria, Father, his opinion concerning the clouds conveying electric fluid, p. 229, * 
Concerning his perpetual electricity, p. 1030, 1031. 

Bed. Experunents on the air of a bed, p. 199, 200. Cloſe beds unwhoſeſome in 

diſeaſes, ibid. 

Bees. A leiter from Nathaniel Polhill, eſq; 0 on Mr. Debraw' s im provernents in the 
cultute of bees, p. 107—1 10. 

Berlin, the proportionable number of inhabitants that die there annually, p. 154. 

Bernoulli, his opinion concerning the communicating of motion to bodies, with obſer- 
vations thereon, p. 355—360. 394—376. 

Blandford Forum, Dorſer, an account of baptiſins, marriages, and burials there during 
forty years, p. 615, Enquiry concerning the extraordinary ſalubrity of this country, 
p. 015—617. Number of inhabitants, p. 616. The yearly average of deaths f to 
39, p. 616, 617. Table of the baptdiſms, marriages, and burials, during forty years, 
p (18. Total of each, with remarks thereon, p. 619. Annual average of baptiſms 

and buria's in the four decennial periods of the foregoing table, p. 620. The whole 
number of burials in each month, and cach quarter cf the | your colleQvely, through- 
out the whole of the above period, p. 621. 

Blud, how the ſcurvy is introduced into it, p. 662. How to — and correct the 

diſorder by food, p. 663, &c. See Scurvy. 

Blue Shark, an account of it, p. 789, 790. 

Board of O dnance, their letter to Sir John Pringle, encloſing a 3 from Mr. W ilſon 
to his Majeſty, and an account of his * on the nature and uſe of con- 
ductors, p. 242 

Boddington, Mr. his letter concerning an accident from lightning at Purfleet, p. 232. 

Bedics Difference of opinion concerning the communication of motion to bodies by 
impact and gravity, p. 344—347. The laws by which motion is communicated, and 
the cauſes which produce this difference of opinion, fully conſidered, p. 347379. 
Concerning the meaſure of the expanſion of bodies by heat, p. 419—453, 

Bogs and marfhes, the noxious effects of their efluvia upon air, p. 212—217. 

Born, town of, many columns of baſaltes in its walls and ſtreets, p. 3. Paved with 
lava, ibid. A hard volcanic tuffa uſed there for building, ibid. | 

Buor, Habitation and manner of living oi a Ruſſian boor deſcribed, p. 623—635. 

Vor. LXVIII. — Shs Brandenburg b, 
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— che proportionable number of inhabitants that die in country pariſhes there 


annually, p. 154. 

Bread. Manner of making rye-bread in Ruflia, p. 630, 631. 

Breſlaw, the proportionable number of inhabitants that die there annually, p. 154. 

Briftol, extract of a meteorological — kept there for che year 1777, p. 567. See 
Meteorological Fourna!. 

Brown, Mr. Thomas, his 3 of e exoccetus volitans, or "Ying fiſh, p. 791 
800. 

Bruſſels, aſtronomical obferrations for i its kia lend, p. 655—690. 

| Buffalee:, killed at the marriage and burial ceremonies. in the Caſſia country in — 
P- 166. 168. 

_ Buildings, points at the upper terminations of conductors more ofcFal to ſecure them frond 
| lightning than balls, p. 155—159. Dr. Franklin's remark concerning what buildings 
ate ſecure from the attacks of lightning, p. 230. Ball conductors anſwer the purpoſe 
better than pointed ones, p. 245, &c. Pointed conductors recommended as the moſt 
effectual for this purpoſe, p. 34— 317. Inquiry whether ſharp or blunt-pointed con- 
dactors are the fitteſt to preſerve buildings from lightning, p. 816—820., Experi- 

ments on electricity, being an attempt to ſhow the advantage of elevated pointed con- 

ductors, p. 823—8 55. Remarks on Mr. Wilſon's new experiments and obſervations 
on the nature and uſe of conductors, p. 85 5—860. Deſcription of a moſt effeQual 
melthod of ſecuring buildings againſt fire, p. 884. See Fire. 

Burials, baptiſms, and marriages, in the pariſh of Blandford Forum, Dorſet, _—_ * 

years, p. 615, See Blandford Forum. 

Butts, (hides fo called) proceſs for tanning them, p. 11 3—1 16. 


& 


Cabbage, ſour, a great antiſcorbutic among the Ruſſians, p. 626. 

Calculations, An account of the calculations made from the ſurvey and meaſures taken 
at Schehallien, in order to | aſcertain the mean denſity of the earth, p. 689. See 
Earth. 

Calcutta. The dreadful caſe of Mr. Holwell and his unhappy fellow-ſaffrer at ci. 

cutta, p. 205, 206. 

Caldiira, a remarkable hot mountain in the highland of Se. Miguel, an account of it, 
p. 605, 606. Perſons cured of virulent diſorders by its waters, p. 607, 508. 

Calendula vulgaris flowers, the effect of their efluvia upon air, p-· 202. 

Calues ſkins, proceſs for tanning them, p. 113—116. 

Camphire. Native camphire adulterated by the Chineſe, p. 16g, 

Camp ire tree, ſome account of it, p. 169. 

Campbor, its effeQs upon air, p. 208. 

Camps, how infectious fevers are produced in them, p. 203, 20 5. 


45 
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Candle, a. ready way of lighting 1 it by : a very moderate cleAical ſpark, P. 1022, See 
Elearical Spark. 

Cannon Balls. The force of fired gunpowder, and the initial velocities of cannon balls; 
determined by experiments; from which is alſo deduced the relation of the initial 

| velocity to the weight of the ſhot and the quantity of powder, p- 50. See un- 
* powder, 

Cape of Good Hope, journal of a voyage ies. p. 391—404. From He to Ma- 
draſs Road, p. 405—4 16. | TY 

Cape Town, an account of a large ftone near there, p. 102—106. 


Cardan. A new method of extending Cardan's rule for reſolving one caſe of a cubick 


equation of this form, x** — qx r to the other caſe of the ſame equation, which 
it is not naturally fitted to ſolye, and which i 1s therefore often called the irreducible 


caſe, p. y92—949- 


Carnations, the effect of their efluvia upon air, p. 202. 


Caſta. A particular account of the inhabitants of the Caſſia country in n Sumatra, p. 
165—171, See Sumatra. A deſcription of the Caſſia tree, p. 169. 


Cavallo, Mr. an account of his method of repairing broken Leyden phials, ſo as to 


make them again uſeful for experiments, p. 1011, 1012. 
Chemical experiments and obſervations on lead ore, p. 863. See Lead Ore. 


Chefter. Obſervations on the population and diſeaſes of Cheſter in the year 1774. 


p. 13x. Some few ſalutary peculiarities in the ſituation of Cheſter, p. 1 31—133. 
The air uncommonly clear, p. 134. The centre the moſt healthy part of the city, : 
p. 136, 137—146. Why the ſuburbs are more unhealthy than the reſt of the town, 
p. 137—140. Concerning the fevers which appeared in this year, p. 141, 142* 
The proportional fatality of the natural ſmall-pox, p. 142, 143—145. The age 
when children ſhould be inoculated, p. 143. The women live longer than men, 
p. 144. Cheſter peculiarly favourable to the female conſtitution, ibid. The propor- 
| tion of married to unmarried perſons, ibid. Why Cheſter is unfavourable to popu- 
lation, 14 5. The proportion of deaths this year, ibid. Table of deachs, ages, and 


Conditions, p. 147. Table of diſeaſes, p. 148. Total of deaths, in the winter, 


ſpring. ſummer, — autumn, p. 1 50. Deaths by ſmall-pox during the ſame time, 
ibid. Deaths by ſmall-pox under one year old, ibid. State of population, ſmall- 
pox, and fevers, p. 15 1. General bill of the ſeveral pariſhes for ten years, from N 
1764 to 1773, p. 152. General bill for the year 1774, ibid. The numbers that 
die annually in the ſeveral pariſhes, taken upon an average of ten years, from 1764 
to 1773, p. 163. The proportionable number of inhabitants that die W | in 
various places, p. 154. 
Children, their ſquinting cauſed by covering weak eyes, p. 90. The propereſt age to 
inoculate them, p. 143-1 50. 
Chiugſe adulterate the native camphire, p. 169. — 
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Clay ſoil unfavourable to health, p. 218. 


Checks. Glaſs a uſeful ſubſtance for the pendulums of clocks, p. 446—4 52. 475, 476. 
Cleck-making. An account of a very uſeful machine for determining the perfect pro- 


portion between different moveables acting by levers, and wheel, and pinion, 


p. 950—9g98. | 
Clouds, They ſerve as couductors of electric fluid, p. 229, 2. Clouds in a very high 


ſtorm frequently move eighty miles in an hour, p. 259. And about twenty miles. 


with a moderate wind, ibid. Deſcription of the ſubſtitutes for clouds in ſome elec- 


trical experiments, p. 155, 1 50. And i in experiments on the nature and uſe of con- 


ductors, p. 251— 233. 


Cock, its comb and wattle frozen, with a view to ſee if they would be reſtored to the 


actions of liſe when thawed, p. 36. 


Cocoa nut. The ſea cocoa-nut not a marine e production, P- 178, 179. Where it grows, ; 


| 179. 
15 Cala its effect on animals and vegetables, p. 7. See Animals, Vegetables. 


Cologne, town of, numberleſs baſaltic columns in and about it, p. 2. The walls of Ita: 


ancient buildings are of a tuffa reſembling that of Naples, ibid. 


Colrurs, Mr. J. Scott's account of a. remarkable family-imperfefion of 6ghit, with : 


regard to colour, p. 612614. Experiments to aſcertain the order in which the 
various colours ſycceed each other on melted lead, p. 879—88 3. | 


Can and wattle of a cock frozen, with a view to * if would be reflored to the 


actions of life when thawed, p. 36. 


Cammilice. The report of the committee appointed by the Royal Society, for exa- 
mining the effect of lightning on the parapet-wall of the houſe of the board of 
ordnance at Purfleet, p. 236. 313—317. See Lightning. Reaſons for diſſenting: 


from the report of the committee appointed to conſider of Mr. Wilſon's experiments; 
including remarks on ſome experiments exhibited by Mr. Nairne, p. 801—822. 


Compaſs, An account of the advantages of a new- invented machine, much varied in 
its effects, and very uſeful for determining the perfect proportion between different 


moveables acting by levers, and wheel, and pinion, p. 950-998. | 
C:mpaſe. Variation of the compaſs obſerved during a voyage from England to o Davis 3 
Streights and Labradore in 1776, p- 1057— 1063. | 
Compongs, the villages of the Caſſia country in Sumatra, ſo called, p. 165; 
Conduftors, Points: at their upper terminations more uſefal than balls to ſecure houſes, 
ec. from lightning, p. 155-159. Rounded conductors ſecure buildings againſt the 


effects of lightning better than pointed ones, p. 245, &c. See Lightning. Pointed 


conductors recommended as the moſt effectual for this purpoſe, p. 314—317+ 
Noile of the earthquake at Mancheſter particularly loud in thoſe houſes which were 

- furniſhed wich conductors, p. 225. The efficacy of conductors with ſharp and blunt 
terminations conſidered, 8$01—822, Experiments on electricity, being an attempt 

| 10 
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to ſew the advantage of elevated pointed conductors, p. 823. See EleFricity. Re- 

marks on Mr. Wilſon's experiments on the nature and uſe of conductors, p. 8 55.— 
360. 
Condudtors, New experiments on the Leyden phial, reſpeQing * termination of con- 
ductors, p. 999. Obſervations on Mr. Henly's experiments to ſhew that pointed 
terminations are preferable to ſpherical ones, p. 999, 1000. One of Mr. Henly's 
experiments contradicted by an experiment, p. 1000, Deſcription of a forked appa- 
ratus for determining the fact upon which the difference ſeemed to depend, p. 1001 
1003. Farther experiments contradicting Mr. Henly's, p. 1003 21011. Reſult 
of the experiments at Dr. Lind's, p. 1007. Of thoſe at Dr. Higgins's with the 
forked apparatus, p. 1008. Of ſome after Mr. Henly's manner, p- 1009. And of 
ſome at Mr. Partington's, p. 1010, 101 1. An account of Mr. Cavallo's method of 
repairing broken Leyden phials, ſo as to make them again uſeful for 3 
p. 1011, 1012. 
ortraSion. A cure of a muſcular cnanedice by electricity, p. 9 101 r. 
Cucum bers, ſalted ones, how prepared in Ruſſia, p. 632. . 
(hlinders, electrical, the moſt eaſy and effectual method of cleaning chem, p- 867, 36. 


v. ; 


Dalrymple, Alexander, eſq. his journal of a voyage to the Eaſt Indies 3 in the year 177 95 
p. 389—416, See Tabl.. 

use, Dr. Eraſmus, his account of a new caſe i in n p- 86. tis Squinting.. 

Davis's Streights. Track of the ſhip Lion from England to Davis's Streights and La- 

bradore, with obſervations. for determining the longitude by ſun and moon, and. 

error of common reckoning ; alſo the variation of the compaſs, . and dip of the 

needle, obſerved during the voyage in 1776, p. 1057. See Lion. | 

Deaths, The proportion of deaths in Cheſter in the year 1774, p- 145. Deaths there, | 

p. 147—1 50. Deaths there by the ſmall-pox in the ſame year, p. 150, 15 1. 

Draw, A letter from Nathaniel Polhill,  eſq. on Mr. Debraw's 2 in the 

culture of bees, p. 10)—1 10. 5 

De, che river, ſome account of it, p. 133. 

D. Lac, Mr. John Andrew, his eſſay on pyrometry and arcometry, and on phyſical 
meaſures in general, p. 419. See Pyrometry and Areometry. wy 

De Mertans, Dr. Charles, his obſervations on the ſcurvy, p. 661. See Scurvy« 

Denſity. An account of the calculations made from the ſurvey and meaſures taken at: 
Schehallien, in order to aſcertain the mean denlity of the earch, p. 689. See 
Earth. 

uu Cartes. Obſervations on the limits of algebraical equations; and a general de- 
monſtration of Des Cartes's rule for finding their number of affirmative and negative. 


3 tots, P · 380—388. 


Diet. 
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Diet. Concerning the antiſeptic regimen among the Ruſſians, P · 622. n 


Keginen. 
Digeſtion of food, requires the greateſt power of heat an in can exert, p. 31. 
 Dipping-needle. Remarks and obſervations on the dipping-needle in a voyage to the 
Eaſt Indies, p. 391—418. Dip of the needle obſerved during a voyage from Eng. 
land to Davis's 5 Streights and Labradore in 1776, p. 1057—1063. 
Diſeaſes. Obſervations on the population and diſeaſes of Cheſter in the year 1774, 
p. 131. See Cheſter. State of diſcaſes at Fort St. George in the Eaſt Indies during 
the months of October, November, December, 1776, and January and February 
1777, p. 193. Small rooms and cloſe beds unwholeſome in diſeaſes, p. 199, 200 
Diſeaſes, occaſioned by unwholeſome food, muſt be cured by a correction of the food 
itſelf, p. 661, &c. Stagnated ditches produce diſeaſes, p. 137—139- 
Dices, ſtagnated, produce diſeaſes, p. 137-139. x 
Dog, experiments on one relative to its heat, p. 22, 23. The Battas of Sumatra eat 
dogs, p. 168. 
Dog -fjb, its ſkin very uſcful in cleanſing electrical 1 p. 861, 862. 
Dos pattee, the chief of each village in Sumatra ſo called, p. 164. 
Decſans, the villages in Sumatra, fo called, p. 164. 
Dor mice, experiments on ſome relative to their heat, p. 17-20. 
Dreſs of the unmarried women of the Caſſia country in Sumatra, p. 167, 
Drones, what their uſe, p. 108. 2 —— the cGfference of fine in 
drones, p. 9. 
:Drunkenneſs and gluttony deſtructive to health, p- 134. 
Dublin, the proportionable number of inhabitants that die there annually, p- 154. 
.Duſſelaorg, the court of the m=— of the 932 — there paved with a lan 
brov gut ſrom Unkel, p-. ; 


— 


8 


E. 


Zarb kept warm by: ſnow, P-3 3. 

Larth. An account of the calculations made from the ſurvey and meaſures taken at 
Schehallien, in order to aſcertain the mean denſity of the earth, p. 689. A ſynopſis of 
the horizontal and vertical angles that were obſerved at the principal points in makivg 
the ſurvey about Schehallien, p. 691—70r. Of the meaſure of the two principal baſe, 
p. 702—710. Meaſure of ſhorter lines, p. 710. Other methods of making the cal- 

culations, p. 711—725. Abſtract of the reſults of the computation of the ſections, p. 
726-9742. Reſults of the irregular ſections, p. 742—745. Three ſections taken it 
a different manner, p. 745, 746. Application of the relative altitudes to determine 
the attraction of the hill, p- 747, 748. The calculations and conſtructions applied u 


the determination of the effect of the attraction in the direction of the meridian, b. 
14 
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o948—778. The attraction compared to that of the whole earth, p. 779. 781. Con- 
cerning the denſity of the matter in the hill, p. 781—783. Remarks concerning the 
mean denſity of the earth, p. 783, 784. Hints for other experiments in this important 
inquiry, p. 784—788. 

Earthquake. An account of the earthquake which was felt at Mancheſter and other 
places in the year 1777, p. 221—227. Dr. Stukeley's account of the ſtate of the at- 
_ and ſeaſon preceding the earthquakes of 1749, 1750, p- 228. State of the 

weather preceding this earthquake, p. 228—231. 

Farthquates, very common in- the iſland of Sumatra, p. 163. 

Farth=worms, frozen, with a view to ſee if they would be reftored to the actions of life 

| when thawed, p. 38. | 

Laſt Indies. A meteorological 4 &c. kept at Fort St. George in | the Eaſt Indies. p. 


180. See Meteorological Diary. Journal of a voyage to the Eaſt Indies in the year 
1775, p- 389-416. See Tables. 


Fclig/e. Obſervations on the ſolar eclipſe of June 24 1778, p. 101 3—1018. The fame | 
obſerved at Leiceſter, p. .1019—1021: 

Ldinburgb, the proportionable number of inhabitants that die there acts p. 154. 

el, experiments on one relative to its heat, p- 27. Experiments on a living and dead 
one, to determine whether life had a power of reſiſting heat and cold, p. 28. 

— Experiments upon air, and the effects of different kinds of effluvia upon it, 

made at York, p. 194. See Air. 

Eggs, experiments on ſome, to determine low far they would ſtand the teſts of a living 
principle, p. 28, 29. To determine the comparative heat between a living ang a dead 

egg; and whether a living egg be ſubject to the-ſame laws with the more 1mperfe&t 

animals, p. 29, 30. 

Leric fluid, the conſtant laws obſerved i in the various motions of it, p. 1032—1036. 
Remarks concerning it, p. 136, &c. Obſervations and experiments tending to con- 
firm Dr. Ingenhouſa's theory of the electrophorus; and to ſhew the impermeability of 
_ glaſs to electric fluid, p. 1049—1055., 

Legrical Experiments, an account of ſome, p. 155. Deſcription of an apparatus to ſhew 
the different effects of points and balls at the upper terminations of conductors, to ſecure 

| houſes, &c. from lightning, p. 155, 156. In experiments with points for the upper 

2 terminations the cloud empties itſelf without the leaſt exploſion, p. 156, 157. In ex- 

periments with balls at the upper terminations the clouds make exploſions according 
to the ſize of the balls, firing the magazines, p. 157. Remarks concerning the uſe of 

points at the upper ends of conductors, p. 157, 158. Further experiments ſhewing 


ho that points at the upper terminations of conductors prevent any damage to the build- 
nl ings on which they are placed, and that balls do not anſwer .the purpoſe fo well, p. 
| to 788, 1 . 
p. 


7 g 2 Zledtrical. 
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| RElefrical Spark. A ready way of lighting a candle by a very moderate'eleficical. (park, 

p. 1022. Done by the exploſion of a ſmall jar, p. 1022—1024. Method of doing it 
in the night, p. 1024, 1025. A piſtol loaded with inſla mmable air "ID ſued by 
this means, p. 1025, 1026. 

Eletrical explofions, the efficacy of condutten with - harp as one terminations con- 
ſidered, p. 155 — 159. 245, Kc. 3 31437. 301822, 823-8355. $55=t60, 
e r. EY 

Eleerici:y, a. muſcular contraction cured by it, ꝓ. 97—101. On the aſe of an anal. 
gam of zinc, for the purpoſe of electrical excitation, p. 861, The moſt ealy and el. 
fectual method of cleanſing electrical cylinders, p. 861, 862. 

}Elearicity, experiments on, being an attempt to ſhew the advantage of 3 pointed 
. conduCtors, p. 823. Deſcription of the machine and apparatus uſed in the experiment, 

p. 824, 825. Twenty- ſeven experiments, with obſervations thereon, p. 826—8;; 
Remarks on Mr. Wilſon's paper, intituled, New — and obſervations on as 
nature and uſe of condudctors, p-. 855 860. 

Trash. Dr. John Ingenhouſz's lecture on it, p. 1027. Defeription of this cle 

trical inſtrument, p. 1027, 1028. Great uſe of this machine, p. 1028.—103 1. Cote 


ſtant laws obſerved in the various motions of electric fluid, p. 1232—1030, Expla- 
nation of the moſt obvious phenomena of the electrophorus, p. 1036—104 5. Nature 
ol an elerophore explained, p. 10451048. Obſervations and experiments tending WY , 
to confirm Dr. Ingenhouſz's theory of the electrophorus, and to ſhew the } inpere 
ability of glaſs to electric fluid, p. 1049-105 . 7 
Elms. Concerning the ſowing of elm-ſeed, p. 5 58. . _— 
.Enganho. Some account of that iſland and its inhabitants, p- 17 — 
| Exocatus Palitans, or fly ing: fiſn, a deſcription of it, p. 791-800. 3 Z 
Exotics, from warmer climates ſometimes killed with the cold, p. 39, 0. 
Expanſion. Concerning the meaſuge of the expanſion of ſolids by heat, p. 419-5 33. F 
yes, covering weak ones 3 occaſions * p- 9 
"IS 


Farr. Dr. Samuel, his extract of a meteorological journal i the you 1777 Jon 

Briſtol, p. 567. See Meteorological Journal. 

8 Females live longer than males, p. 144. 

Fevers, malignant, how produced among the lower rank of ws. P. 139, 140. Cot By 
cerning the fevers Which appeared in Cheſter in the year 1774, p. 141, 142. 148. 
How produced in camps, &c. p. 204, 205. An account of a molt 2 putrid 
fever cauſed. by the Arabs among the Turks at Baſſora, p. 215. 

Fire. Deſcription of a moſt eſfectual method of ſecuring buildings. againſt fire, p. 8% 

The methad conſiſts of under-flooring, extra-lathing, and inter- ſecuring, ibid. 0 


de unteriflocring;” p. 584890. Of the'extra-lithing, p. 890, 691. Of the inter- 


tk % 


ſecuring, p. 891. Experiments on theſe methods *, p. 891893. Trifling ex- 
penee of this method in building, p. 89 1 


is, experiments on ſome, relative to their heat, p. 26. Why in less reveals is deep 


waters in winter, p. 32, 33. Tails of fiſh frozen, with a view to fee if they would be 


reſlored to the actions of life when thawed, p. 377 38. A defcription of the Exoctetus 
yolitans, or flying-fiſh, p. 791—800. 


Flooring. Of the under · flooring * buildings again fire, p. £84—890. 
Trifling expence of it, p. 894. 


Flowers, the effects of their effluvia upon air, p. 202, 203. Bad eff: of flowers in rooms, 


p- 209. A different property in them in their growing ſtate, p. 210. 


| Fluid. The conſtant laws obferved in che various motions of electrical fluid, p. 1032 


1036. Remarks concerning it, p. 1036, c. Obſervations and experiments tending 
to confirm Dr. Ingenhoufz's theory of the EleQrophorus; and to ſhew the 1mpermeability 
of glaſs to electric fluid, p. 10491055. = 

Fiying f- (Exocœtus volitans), a deſcription of it, p. 551-800. 

Fore Malbro*, in Sumatra, its ſituation, p. 164, 162. Deſcription of the houſes there, 

p- 162, Wn OR P- 162, 163. Some e p- 163. : 

I. © ; 

Fort St. George, in the ran Indies, 2 meteorological diary, Cee. kept there, p. 780. See 
Meteorological Diary. 

Foy, a brook near York, fome account of it, p. 196. 5 

Fountains, hot ones in the iſland of St. Miguel, p. bog, 606. Perſons cured of virulent 
diſorders by their waters, p. 607, 608. 

Fewls, experiments on ſome, relative to their heat, P- 23, 24. Some degrees warmer 
chan quadrupeds, p. 24, 25. 

Franklin, Dr. bis affertion concerning what buildings are ſecure from the attacks of 
lightning, p. 239. An inflence to the contrary, p. 240. His doctrine . 
ſbarp- pointed conductors conſid red, p. 801, &. 

— parts uf animals, with a view to ſee if chey would be reflored t to the ations of 
life when thawed, p. 34—38. 


Here, Mr. John, his letter concerning Mr. Miller's account of the iſland of Sumatra, 


Enganho, &c. p. 160, 161. 
Frog, experiments on one, relative to its ten, p- 26. he frogs live under large ltouer 
in the winter, p. 32, 33. 

Fruit, ripe, the effect or effluvia from i it upon air, p- 203. ä 
Farnas, a valley in the iſland of St. Miguel, au account of its hot 2nd cold ſprings, p. 
604—607. Perſon cured of virulent diſorders by theſe waters, p. 607, 608. 
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Galilee, his opinion concerning the communicating of motion to bodies, p. 346. ] 
Glaſs, the fitteſt ſubſtance to uſe as the ſtandard of compariſon in experiments upon 
the comparative dilatabilities of bodies, p. 474, 475. Glaſs a uſeful ſubſtance for 
the pendulums of clocks, p. 446—452. 475, 476. Obſervations and experiments 
| tending to confirm Dr. Ingenhouſa's theory of the eleQrophorus ; ; and to ſhew the 
impermeability of glaſs to electric fluid, p. 1049—1055. 
Gluttony and drunkennefs deſtructive to health, p. 134. 
Goldfiſh, the tails of two frozen with a view to ſee if wy would be reſtored to the 
actions of life when thawed, p. 37» 38. 5 
Good Hape, cape of, Journal of a voyage to it, p- 1. From thence to Madraſs 
Road, p. 40 5416. ; | 
Gooſeberries, the effect of their 4513 pon air, p- 20. 8 
Gravity. Reflections on the communication of motion by impad and gravity, p. 344+ 
See Motion. 
Greens, their great wy in curing the hs.” p- . 66 3. c. More antiſcorbutic i in n their 
raw fate than when boiled, Þ- 664, &c. See Scurvy, 
Grenville. Journal of a voyage to the Eaſt Indies ia the ſhip Geil, in the year 
7 9 1775, P. 389—416. See Tables. 
11 Greewwich. Difference of the meridians of Paris and Greenwich, p- 1020, 1021. 
Of Greenwich and Leiceſter, p. 1021. 
Gunnery. Concerning Mr. Robins's new principles i in  gunnery, p- * $2. Hatton 
8 on Gunnery, p. 50. See Gunpowder. 
Gunpowder. The force of fired gunpowder, and the Bie velocicies of cannon | balls, 
determined by experiments ; from which is alſo deduced the relation of the initial 
velocity to the weight of the ſhot and the quantity of powder, p. 50. The nature 
of the experiment, and of the machinery uſed in it, p. 53 — 56. A particular de- 
5 ſcription of the machine p. 56, '57. Method of finding the centre of oſcillation, 
' 1 p. 57, 58. Methods of aſcertaining the centre of gravity, p. 58, 59. Rule for 
computing the velocity of the ball, p. 59—63. Experiments made, with remarks iſ 
on the different velocities therein, p. 65—92. A view of the * inferences | 
that reſulted from the experiments, p. 83—85. 
Gunpowder, experiments in firing it without the leaſt appearance of a ſpark, p. 302— 
304. Method of firing it with the Leyden phial, p. 306 — 307. Remark on the 
two methods, p. 507. Z 
Gunpowder magazines, pointed conductors to ſecure them from 8 more uſeful il 
than balls, p. 155—159. Rounded conductors ſecure them againſt the effects of 
lightning better than pointed ones, p. 245, &c. Pointed conduQtors recommended 
as the moſt effectual for this purpoſe, p. 314—317. Farther enquiries reſpecting 
| : 2 * 
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ſharp and blant ab p- 801-820. 823—86 8. 855860. 9990 —1011. 


Anti — — 


Haniltor, Sir William, his account of certain traces of yolcanos on the banks of the 
Rhine, p. 1. See Volcanos. His letter concerning — of the large ſtone near 
Cape Town, p. 106. 


Hampſhire, the proport onable number of inhabitants that die annually i in a | country 
pariſh there, for go years, p. 154. 


Hawkhill, near Edinbu rgh, extract of meteorological obſervations made there, P- 564. | 


See Meteorological Oblervations. 


Haygarth, Dr. J. his obſervations on the population and Aiſcaſes of Cheſter in the year 


1774, p- 131. See Cheſter, 


Health, The uncommon healthineſs of Cheſter, N 1 1 34, ws. Gluttony and 


drunkenneſs deſtructive to — p · 1 34+ Loam, clay, and ſand ſoils, —— 
to health, p. 218. 


Heat. Of the heat, &c. of animals and vegetables, p. 7. See Animals, Vegrabler ” 


Concerning the meaſure of the expanſion of ſolids by heat, p. 419—553- 


Heizhts, Compariſon between Sir George Shuckburgh and Colonel Roy's rules for the 


meaſurement of heights with the barometer, p. 68 1. See Barometer. 


Henly, Mr. William, his method of curin g a muſcular contraction by electricity, p. rot. 
Obſervations on Mr. Henly's experiments to ſhew that pointed terminations to con- 


ductors are preferable to ſpherical ones, p. 999, 1000. Contradicted by experi- 


ments, p. 1000-1011. His obſervations and experiments tending to confirm Dr. 


Ingenhouſa's theory of the electrophorus ; and to ſhew the impermeability of — 
to electric fluid, p. 1049— 1055. 


Henry, Mr. Thomas, his account of the earthquake which was felt at Mancheſter and 


other places in the year 1777, p. 221. See Earthquake, 


Higgins, Dr. Bryant, on the uſe of an amalgam of zinc, for the purpoſe of electrical 
excitation, and on the moſt eaſy and effectual method of cleanſing electrical * 


linders, p. 861, 862. 


Holme, near Mancheſter, a journal of the deu of rain chat fell owe from 1765 to 


1769, p. 571. 
Holawell, Mr, the dreadful caſe of him and his cer felow-ſufferer at een, 
p. 205, 205. | i 
Horſes eaten by the Battas of Sumatra, p. 168. | 
Hoſpitals, how infections: fevers are produced therein, p. 204—207. 

6 U 2 


Cutbrie, Dr. Matthew, on che antiſeptie regimen of the natives of Ruſſia, p. 622. See 
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Hens &e. points at the opper tetmĩnstions of conductors te ſcewe them from Rgbt. 
© ning more uſeful than balls, p. 166-159. Rounded conductors ſecure houſes againſt 
the effefts of lightning better than pointed ones, p. 245, & ec. Pointed conductor, 
recommended as the moſt effectual for this purpoſe, p. 314—317. Farther in. 

quiries reſpecting ſharp. and blunt conductore, p. 801-820. $23—=855. 855—860. 
g999—1011. Deſcription of houſes. built with reeds in the iſland of Sumatra, 

* - 162. A deſcription of the bouſes at Fort Malbro' in the ſame iſtand, p. 162. A. 

deſcription of a moſt cfieQual method of ſecuring houſes. againſt £16, p 894. dee 

Fire. 

Hunter, Mr. John, on the heat, &c. of animals and vegetables, p. 7. See — 

FVeg:tables. 
Hutton, Charles, eſq. on the force of fred gun-powder, and the W of Can» 
non-balls, determined by experiments; from which is alſo deduced the relation of 
the initial velocity to the weight of the ſhot and the quantity of powder, p. 50. 
See Gun-powder. His account of the calculations made from the furvey and mea- 
ſures taken at Schehallien, in order to aſcertain the mean denſity of the earth, p. wy 
B, his opinion concerning 2 communicating of motion 0 * * 


8 4 


Jail, 7 8 

Jamaica, the proporuonable number of whites that die there annually, p. 154. 

Ee keeps water warm, p. 33. Is one of the worſt condyQors of heat, ibid. #. 

Iihbas, a ſmall iſland near St. Miguel, a fine baſon in it, p. 603, 604. - x 

Tnpan. —— * 
See Matin. 


d Pay , 


Jofancy. Small-pox fat in early infancy, p- eie, 
bngenhouſes Dr. John, his method of lighting a ante by a very ae 


ſpark, p. 1022. See Ble&ricel: Spark. His lecture on the Electrophorus, p. 1027 


See El:&rophorus. Obſervatious and experiments teadiag to confirm Dr. Ingenhouſa 4 
theory of the EleQroghores ; * * 
p. 1049 1053. 

Inc:eulatien, inquiries to demonſtrate the advantages of it, y. 142 13. The age hes 
children ſhould be inoculated, p. 143. 150. 


L 
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LEſfrumen, deſcription of one intended % * 


bodies by heat, p. 428—434 · Mr. Le Cerf's account of two inſtruments very uieful. 
for determining the perſect — —ꝛ—̃ ͤũ — levers and - 

wheel and pinion, p. 950o—9gg8. 
Journal of a voyage to the Eaſt Indies in the year 1755, p. 3 See Tables. 
— weather at Montreal, p. 5 9. See Wearbure Kxtrad of a-axcicorolo- 
3 | gical: 
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ical jounel for the year 1777; kept at Briſtol, p. 567. See Mauro N . 
Journal of the quantity of rain that fell at Holme, near Manchefter, from 1765 to 
- 176g ; and at Barowby, near Leeds, from 1772 to 2777, p. 571, 572 Meteorological 
— W at the houſe of tae es p. „ dees 
Tables. | | 
n ans ses Miguel. OCT 4" 2 
Jupiter's ſatellizes, longitude of the Refuge de Vrowperg, — de Denn. o 
Louvain, deduced from. obſervations of them, P- 644. 5 Fe | 


Eaſla Stchee,. 2 Ruſſian drink, how prepared, p. 628, (29. Remarks on it, p. 629; 630. 


Labradere. A voyage ow Eoglend to Davis's 8 Ke Labradre, with obſervas- 
nous for determining the longitude, &c. p. 1057. See Lim, FRY 

Lalan-lout, or the wonder fue plant of Sombrero, ſome account of it, p. 178. 

batbing. Of the extra-lathing ans. — buildings from * p. 990, eg. 
Trifliog expence of it, p. 894. 

latitude of the Refuge de Vrowperg, Rue des Domigiquoizes, i at-Louvain, p. 642. 643. 

lera. The court of the palace ef the elector palatine at Duſſeldorf paved with a lara 
brought from Unkel, p. 2. The town: of Bonn paved with lara, p. 3. High rocks 
of lava on each fide of the Rhine, p. 3, 4 Lava from Veſuvius and the volcanos near 

Naples, ſuppaſed to have been uſed for paving the great Roman roads, p. 4. 

Laws of motion, different opinions concerning them, p. 344—347- Whence this dir. 

ference ariſes, p. 347—379 The conſtant laws obſerved in the various motions of 

electric fluid, p..2032—1036. Remarks concerning it, p. 1039, a 

Laiches,. experiments on ſome, relative to their heat, p. 27. 

Lad, and other metals, how uſed on * to ſecure them * lightning, 
5. 2396 

Lud Ore. Chemical experiments and 8 a. 863. State of lead 
ere as dug out of the mines, p. 863—867. Experiments and obſervations on it, p. 
8-79. Experiments to aſcertain the order in which the various colours lucceed ; 
each other on melted lead, p. 8798833. 

Wl Lead Smalter s, a profitable hint to them concerning the Groing of the falphur contained i in. 

lead are, p. $744.87 5. 

Laather... An improved method of tanning leather, p- 111. Tho principal ä in 

the tanning branch, p. 3: 3137. Remarks on the tedicuſneſs of their proceſs, and on- 

the flow arturns an the tanniag trade, p. 117, 118. Inſtructions to tanners. for carrying: 

|| «the cow-methed- of tanning, whereby. che leather is not onlꝝ improved in ts 2 
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but tanned in much leſs time, and with a ſmaller quantity of _ vated ü 
method hitherto known or practiſed, p. 120—1 30. 
Leaves, the eſfect of their efluvia upon air, p. 202, 203. | 
Le Cerf, Mr, his account of the advantages of a newly-invented . much varied 
in its effects, and very uſeful for determining the perfe& proportion between _—_ 
moveables acting by levers and wheel and pinion, p. ggo—9gg8. 
Leeds, the proportionable number of inhabitants that die there annually, p. 154. 
Leibuitz, his opinion concerning the communicating of moticn to bodies, p. 347. 
Leiceſter, obſervations there on an eclipſe of the ſun, June 24, 1778, p. 1019. Dif. 
| ference of the meridians 1 Paris and Leiceſter, p. 1020. And of Greenwich and 
Leiceſter, p, 1021. 
Levers. An account of the advantages of a newly-invented mack; much onled'} in its 
effects, and very uſeful for determining the perfect proportion between — move. 
ables acting by levers and wheel and pinion, p. 950-9989898. 
Ley. Tanner's ley made from pigeon's dung, p. 114. A more active * may be 
pared from kelpor pot-aſh, p. 115. 
Leyden phial, method of firing gun- powder wich it, p. 305-307. New experiments upon 
it reſpecting the termination of conduQtors, p. 999. See Conductor. An account of 
Mr. Cavallo's method of repairing broken Leyden-phials, fo as to make them again 
uſelul for experiments, p. 101 1, 1012. A curious . with the Leyden bottle, 
p- 1053—1055- 
Life, its powers capable of varying the best! in W p. 17, &c. Freezing parts of 
animals, with a view to ſee if they would be reſtored to the actions of life when __— 
P 34—38. 
Lightning. Sundry papers relative to an accident from lghtaing at Purfleet, p. 2 3 2. II. 
Boddington's letter concerning it, ibid. Mr. Nickſon's account of the accident, p, 24; 
235. Thereport of the committee appointed by the Royal Society for examining 
the effect of lightning on the parapet-wall of the houſe of the Board of Ordnance at Pur- 
fleet, p. 236238. Mr. Wilſon's diſſent from the above report, p. 239—242. A letter 
from the Board of Ordnance to Sir John Pringle, encloſing an account of Mr. Benjamin 
Wilſon's experiments, addreſſed to his Majeſty, 242—244. Mr. Wilſon's new experi- 
ments and obſervations on the nature and ule of conductors, made in conſequence of 
the accident at Purfleet, p. 245. Deſcription of a model of The Board-houſe at Purfleet, 
made for trying the experiments, p · 247—251. Deſcription of the ſubſtitute for à cloud, 
p. 251—253+ Of the machines uſed to charge the apparatus, p. 253, 254. The expe- 
riments, with obſervations thereon, p-. 254—292, Experiments upon acceleration, and - 
Its effects, with obſervations thereon, p. 290, &c, Experiments on firing gun powder 
without the leaſt appearance of a ſpark, p. 302—304. Method of firing gun-powder 
with the Leyden phial, . 395—307« | Remark on the two methode, P. 307. Com 
| cerning 
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cerning-certain atmoſpheres which bodies have round them when properly charged 
with elaſtic fluid, p. 305309. Meaſurements, &c. of the great apparatus and ma- 
chinery, p. 311—313. A report of the Committee appointed by the Royal Society 
1 BL confider. of the moſt effectual method of ſecuring the powder-magazines at Purfleet | 


againſt the effects of lightning, p. 313—317. 
Lightning. Points at the upper terminations of conductors more uſcful to fr build- 
ings from lightning than balls, p. 1;55—159. Rounded conductors ſecure buildings 
againſt the effects of lightning better than pointed ores, p. 245, &c. Pointed con- 
duQtors recommended as the m-ſt effectual for this purpoſe, p. 314—317. Farther in- 
quiries reſpeQing Harp and blunt conduRtors, p. 801—820. 823—855. 8 
999—101 I, 
Lime-water extracts the virtues of oak bark for W much better than plain water, 
p. 120. How to make lime-water, p. 120—123. 129. 
Lind, Dr. his experiment on firing gun- powder with the Leyden pbial, p- 306. 397. 
Ling ficld, Miſs, cured of a 2 contraction by — p. 97. See Muſcular 
Contrattion. 
Ln. Track of the ſhip Lion from England to Davis's Streights and Labradore, with 
d WY obſervations for determining the longitude by ſun and moon, and error of common 
in reckoning ; alſo the variations of the compaſs, and dip of the needle, as obſerved during 
le the voyage in 1776, p. 1057. From England to Cape Farewell, ibid. From Cape 
of 
ed, 


Farewell along the weſt coaſt of Greenland, p. 1059. From Moſketto Cove, Green- 
land, to the end of Davis's Streights, p. 1061, 1c6:. From Davis's Streights to the 
coaſt of Labradore, p. 1063. Remark concerning the pretended danger of voyages to 
thoſe parts, p. 1065. 

Liver pꝛol, the proportionable number of inhabitants that die there annually, p. 154. 

L, Mr. George, his journal of the quantity of rain that fell at Holme, near Man- 
Cheſter, from 1765 to 1769; and at Barowby, near Leeds, from 1772 to 1777, p. 
$71, 572. 

Liam foil, favourable to health, ww ©. 

don, the proportionable number of inhabitants that die there annually, p- 154. A 
e n journal for the year 1777 kept there, p. 574—600. See Tables, 


1 Track of che ſhip Lion from England to Davis's Streights and Labra- 
dore, with obſervations for determining the longitude, &c. p. 1057. See Lion. 
rt, Rev. Mr. Michael, his letter . a remarkable imperfection of ſight in 
regard to colours, p. 611. 

der Nan. Latitude of the Refuge de — Rue = Dominiquaines, at Louvain, p. 
der 642. 643. Its longitude deduced from obſervations of ad 3 * p. 644. 
Wo: Longitude of Lourais, p. 645—655. ST 


i ude of ſeveral places, p. (40. 645—654- 655—658. Longitude of Bruſſels, p. 
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Laue, Rev. Mr. his obſervation of an eclipſe of the ſun June 24, 17d. ait Lütele 
p. 1019. 
Cynd. Abſtract of a regiſter of the barometer, thermometer, and rain, at Lyndon in 
Rutland, for the year 1777, p. 554+ State of the barometer, thermometer, and rain, 
for that year, ibid. Obfervations on the weather, &c. during that year, p. 555, 556. 
An account of the weather in the year 1725, P. 5565577 · Remarks thereon, 557, 55k 
Concerning the fowing of clms ſeed, p. 558. 
M. 
Macbride, Mr. David, his improved method of tanning leather, p. 111. See Leather, 
M*Goxan, his extract of meteorological obſervations made or near Edinburgh, 
p. 564. See Meteorological Obſervations. = 
Machine. Deſcription of one, for determining the force of fired gun-powder, and the 
velocity of cannon balls, p. 56, 57. Deſcription of a machine to ſhew the differen 
effects of points and balls at the upper terminations of conductors to ſecure houſes, &c. 
from lightning, p. 155, 156. Experiments with it, ſhewing that points anſwer the 
purpoſe better than balls, p. 156—159. Defcription of the machines uſed in new ex- 
_ periments on the nature and uſe of conductors, p. 247-254. Meaſurements, &c. of 
them, p. 311-313 Deſcription of the Ele&rophorus, p. 1027, 1028. Great uſe 
of it, p. 1028-1037. Lecture concerning it, p. 1032 — 1048. An account of the 
advantages of a newly invented machine much varied in its effects, and very uſeful for 
determining the perfect proportion between different „ acting by levers and 
| wheel and pinion, p. 950—g98. 
Mac'aurin, his opinion concerning the laws of motion, P- 353. Remarks thereon, Þ 
351, 352. 360, 381. 
Mad ira, iſland of, the proportionable number of inhabitants that die there canal 
3 
 Madraſs Road, journal of a voyage to it, p. nt. I, 
Magazines of powder, points at the upper terminations of comfutiors to ſecure them from 
| lightning, more uſeful than balls, p. 155 159. Rounded conductors ſecure them 
againſt the effects of lightning better than pointed ones, p. 245, Kc. Pointed con- 
ductors recommended as the moſt effectual for this purpoſe, p. 314—327, Farther in- 
- quiries reſpecting ſharp and blunt conduRors, p. 801—8:20, a0 3 
999— 1011. 
| Mahon, Charles Lord Viſcount, A of his moſt effect ual ROY of ſecuring build- 
ings againſt fire, p. 88 f. See Fire. His letter concerning Mr. Le Cerf's infruments 


for determining the perfect proportion between different moveables acting by levers and 
wheel and pinion, p. 950, 951. 
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Man's f:ſb, eaten by the Battas of Sumatra, p. 166. 168. 3 15 

Mancheſter, the proporuonable number of inhabitants that die thave RO" P- 154. 
An account of the earthquake which was ſelt at Mancheſter and other e in the 
year 1777, p. 221. See Barthquate. | | 

Manufa&ures, the want of them in towns . to — p- 145, 


Marriages, baptiſms, and burials, for forty _ m — reg of Blandford _— 
Dorſet, p. 615. See Blandford Forum. 


Marſhes and bogs, the noxious effects of their efluvia upon air, p. 21217. 
Maſeres, Francis eſq. his method of finding, by the help of Sir Iſaac Newton's wrong 


N a near value of che very flowly-converging infinite ſeries x += ＋ * 


pry 
* + 74 &c. when x 1s very nearly equal to I, p. 995—90 1. His method of 


: — Cardan's rule for reſolving one caſe of a cubick equation of this form, af 
qx = r, to the other caſe of the ſame equation, which it is not naturally fitted to ſolve, 
and which 1s therefore often called the irreducible caſe, p. go2—949. 

Maſſon, Mr. Francis, his account of the iſland St. Migeel, p- 601. See St. Miguel, 

Men not fo long-lived as women, p. 144. 

Meteorological Diary, &c. kept at Fort St. George, i in the Eaſt 23 p. 180. How the 

| obſervations were made, p. 180, 181. State of the thermometer within and without, 
and of the barometer, winds, and weather, for October 1776, p. 182—184. For No- 
vember, p. 184—186. For December, p. 186—188. For January, 1777, p. 188— 
190. For February, p. 190— 192. A table of diſeaſes during thoſe months, p. 193. 

| Meteorological Journal, extracts of one for the year 1777 kept at Briſtol, p. 567. State 
of the barometer for that year, ibid. An abridged table of the winds, &c. for that year, 
p- 568. Weather for that year, p. 568—570 

Meteorological Fournal for the year 1777 kept at the houſe of the e Royal Society, p- 574 — 

| 600, See Tables. 

Meteorological Obſervations, extract of fas made at Hawkhill near Edinb urgh, p. 564. 
For the year 1773» ibid. For 1774, ibid. For 1775, p. 8 For 776, ibid. 
Depth of rain at Hawkhill, for the year 1776, p. 566. 

Mice, experiments on ſome, relative to their heat, p. 21, 22. 

| Mignionette flowers, the effect of their effluvia upon air, p. 202. 

Miller, Mr. Charles, his account of the iſland of Sumatra, &c. p. 160. See Sumatra. 

Milner, Rev. Mr. Iſaac, his reflections on the communication of motion by impact and 
_ gravity, p. 344. See Motion. His obſervations on the limits of algebraical equa- 
tions; and a general demonſtration of Des Cartes's rule for finding their number of 
affirmative and negative roots, p. 380—388. 

Mineral waters in the ifland of St. Miguel, an account of them, p- bog—bo8. + 
Vol. LXVIII. 6X Mint 
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Mint leaves, the effect of their efluvia upon air, p. 202. 

Moiſture. Stagnant moiſture a principal ſource of diſeaſe, p. 131, 132. 

Montreal, journal of the weather there, p. 559. See Weather. 

Morter-waſh, uſed in ſecuring buildings againſt fire, how prepared, p. 889, 

Maſcosv, ſtate of the ſcurvy there, and how produced, p. 666, 667. Methods of treat- 
ing that diſorder, p. 667, &c. See Scuruy. — 

Mation. Reflections on the communication of motion by impact and gravity, p. 344. 
Difference of opinion concerning the moving of bodies, p. 344—347- The laws by 
which motion is communicated, and the cauſes from ran this difference of opi- 
nion ariſes, fully conſidered, p. 347—379- 

Murgiſo, an evil genius dreaded by the Battas in Sumatra, p. 165. 

Muſcular Contraction, a cure of one by electricity, p. 97—101. 

Muſgræve, Dr. his reaſons for diſſenting from the report of the committee appointed to 

conſider of Mr. Wilſon's experiments; including remarks on ſome experiments exhi - 
bited by Mr. Nairne, p. 801—802. 1 

Mus}, its effect upon air, p. 208. 


1 


Nairne, Mr. Edward. Remarks on ſome experiments exhibited by, p. 801—822. His 
experiments on electricity, being an attempt to ſhew the advantage of elevated 
pointed conductors, p. 823. See Flectricity. 

Naples. The tuffas of Naples — to be compoſed of a puzzolane, prepared by 

volcanic fire, p. 6. 

| Naſturtium Indicum, flowers, the effect of their eie upon air, p. 202. 

Needle. Remarks and obſervations on the dipping - needle in a voyage to the Eaſt In- 
dies, p. 391—418. Dip of the needle obſerved during a voyage * — to 
Davis's Streights and Labradore, in 1776, p. 105 7—1063 + 

Netherlands. Aſtronomical obſervations made in the Auſtrian Netherlands in the 
years 1773, 1774, and 1775, p. 637. See Aſtronomical Obſervations. 

Newton, Sir Iſaac, concerning the laws of motion, p. 350. His opinion of the mean 
denſity of the earth juſtified, p. 783, 784. A method of finding, by the help of Sir 
Iſaac n s ann * a _ value of the very flowly converging infinite 


ſeries x + 2 -+T " 4 £ ＋ WY 4 3 SY &c. when x is very nearly equal to 1, p- 


895 —901. 
| Nickfon, Mr. Edward, his account of an accident from jghtning at Purfleet, p. 23— 


235. See Lightning. | 
Northampton, 
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Northampton, the proportionable number of inhabitants that die there annually, p. 154. 
Neſe- gays in rooms, their bad effect upon the air, p. 209. | 


O. 


Oak- Jark, why pre ferable for the puryoſe of leg, p. 1 13. How prepared, ibid. 
Odours, their effect upon air, p. 208, 209. 


Ooxe, how prepared by the tanners, p. 1 14. 

Odium, its effect upon air, p. 208. 

Ordnance, Board of, their letter to Sir John Pringle, encloſing an account of Mr. Wil- 
ſon's —— on the nature and uſe of — addreſſed to his Majeſty, 
p. 242. 

Ore. Chemical experiments and obſervations on lead ore, P+ 363. 3. See Lead Ore. 

_ Oxen, Hans on ſome, relative to their heat, 23. 


\ 
/ 


K. 


Pais de vaud, the proportionable number of inhabitants that die there annually, p. 154. 
Pantheon, new experiments on the nature and uſe of — exhibited there, 


p-. 245, &c. 


Papers. Sundry papers relating to an accident from eee at Purfleet, p- 2 3 


See Lightning. 
Paris. Difference of the meridians of Paris and Leiceſter, p. 1020. And of Paris 
and Greenwich, p. 1020, 1021. 


| Parſley leaves, the effect of their effluvia upon air, p. 202. 

Partington, Mr. Miles, his account of a cure of a muſcular contraction by clearicity, 

P-. 97-101. 

Pearl Diamond, a remarkable large ſtone near Cape Town ſo called, p. 10 TI Deſcrip- 
tion of it, p-: 103 1065. 

Pendulums of clocks, glaſs a uſeful ſabſtance fir Ng p · . 47%, 476. 

Penis, experiments on a live and dead one, relative to heat and cold, p. 13—17. 

Papper- mint leaves, the effect of their effluvia upon air, p. 202. 

Phyfical meaſures, An eſſay on pyrometry and areometry, and on phyſical meaſures 3 in 
general, p. 419. See Pyrometry and Areometry. 


Picterſgill, Mr. Richard, his account of the track of the ſhip Lion from England to 


Davis's Streights and Labradore, with obſervations for determining the longitude by 
{ſun and moon, and error of common reckoning ; alſo the variation of the compaſs, 
and dip of the needle, as obſerved during the voyage in 1776, P- 1057. See Lion. 
Pigeon's dung, tanners ley made from it, p. 114. 
Pate, Nathaniel, eſq. his aſtronomical obſervations made in the Auſtrian N etherlands 
in the years 1773, 1774s and 1775, p- 637. See Aſtronomical Obſervations, 
6 X 2 7 Pinion. 


Pins Account of the advantages of a newly-invented machine much varied in 
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its effects, and very uſeful for determining the perſect proportion between different 
moveables acting by levers, and wheel, and pinion, p. 960-998. 

Piſtol loaded with inflammable air, fired by a "y moderate electrical ſpark, p. 1025, 
1026. 

Planets, concerning cate mean genfities, p- 784. 

Plant. A deſcription of the wenderful Plant of Sombrero, p. 178. 

Plants have a different property in them in their * and gathered ſtates, p- 209, 
210. 

Plaſter uſed in ſecuring buildiogs againſt fire, how prepared, p. 887, 888. 


Playfair, Rev. Mr. John, on the arithmetic of impoſſible quantities, p. 318343. 


Points at the upper terminations of conductors to ſecure houſes, &c. from lightning, 
more uſeful than balls, p. 155—159, Rounded conductors ſeture buildings againit 
the effects of lightning better than pointed ones, p. 245, &c. Pointed conduQors 

recommended as the moſt effectual for this purpoſe, p. 314—317. Inquiry whether 
ſharp or blunt conductors are the fitteſt to preſerve buildings from lightning, 

p. 801-820. Experiments on electricity, being an attempt to ſhew the advantage 
of elevated pointed conductors, p. 823z—8 5 ß. Remarks on Mr. Wilſon's experi- 
ments on the nature and uſe of conductors, p. 85 5—860. New experiments on the 
Leyden phial reſpecting the termination of conductors, p- 999—101 r. 

Polbill, Nathaniel, eſq. his letter on Mr. Debraw's improvements in the culture of 
bees, p. 1079—110, 

Polygamy allowed among the Battas f in Sumatra, p- 166. They purchaſe their wives, 

and all live in the ſame houſe, p. 165, 167. See Sumatra. 


Population, Obſervations on the population and diſeaſes of Cheſter i in as year 17 


p. 131. See Cheſter. 


Ponta del Guda, a city in the iland of St, Miguel, ſome account of it, and. of te 


country round it, p. 602, 603. 


Powder, * of, concerning — chem from lightning, p · 155—r 59. See 


Magazines. 
Primroſe. Tree primroſe flowers, their effect upon air, p. 202. 


Pringle, Sir John, his remark for avoiding diſeaſes i in cantonments in marſhy grounds 


p. 217. 

Priſoners killed and eaten ® 8 Battas in Sumatra, p. 166. 

Privy, experiments on air taken from within one, p. 201. 

Propagation of ſpecies, requires the greateſt powers of heat an animal can exert, p-· 3h 

Proportion Compaſs, Account of the advantages of a newly-invented machine much 
varied in its effects, and very uſeful for determining the perfect proportion between 
different moveables acting by levers, and wheel, and pinion, p. 950—9gg8. 

Pultency, Dr. Richard, his account of baptiſms, marriages, and burials, during forty 
years, in the pariſh of Blandford Forum, Dorſet, p. 615. See Blandford Forum. 
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Purflect. Sundry papers | relative to an accident from kghtaing an p. 232. 
See Lightning. 
Putrefactios a principal ſource of diſeaſe, p. 131. | 
Pyrometry and Areemetry. An eſſay on pyrometry and areometry, and on phyſical mea- 
ſures in general, p. 419. Concerning the meaſure of the expanſion of ſolids by 
heat, p. 419—424. Principle on which is founded the comparative meaſure of the 
expanſion of bodies by hefit, p. 424—428. Deſcription of an inſtrument intended 
to find out the comparative expanſibilities of bodies by heat, p. 428—4 34. Ap- 
plication of the method of finding the proportions between the expanſibilities of 
different matters by heat. Determination of the relative expanfibilities of braſs and 
glaſs, p. 434—468. Eſſay upon the meaſure of the abſolute expanſion of bodies by 
heat, p. 469—482. Obſervations upon phyſical meaſures, p. 48 3—493 · A practi- 
cal method of approximation in the determination of the co- effects of the ſame 
cauſes, p. 494— 508. Project of a comparable areometer, p. 5og—528. Conclu- 


fon with reſpect to phyfical meaſures in — p. 528—5 46, Explanation of the 
* in the above _ p. 54853. 5 | 


- - 
Nuadruped not ſo warm as fowls by ſome degrees, p. 23—25. 
2antities, On the arithmetic of impoſſible quantities, p. 318—34 3. 
Quarry. An account of the quarry at Unkle, p. 4, 5. Great quantities of baſaltic | 
columns brought from thence, p. 2, 3. The court of the palace of the elector- 
palatine at Duſſeldorff paved with a lava brought from thence, p. 2. 
9uaſ5, a common drink in Ruſſia, how prepared, p. 627, 628. Their manner of mak- 
ing a better ſort, p. 628, 629, Remarks on it, p. 629, 630. 


Quickfbuer, concerning its 8 in n heights with the barometer, p. 682, 

683. . | 
3 

Rabbit, experiments on one relative to its heat, p. 23. Freezing the ears of rabbits 
with a view to ee if wy would be reſtored to the actions of life when thawed, 
p. 34, 35. | 

Ragjas, freemen of the Caſſia country in | Sumatra, an account of their n p. 167. 
168. | 

Ruin, abſtract of the barometer, thermometer, and rain, at t Lyndon i in Rutland, for the 
year 1777, p. 554. See Lyndon. Depth of rain at Hawkhill near Edinburgh, 
for the year 1776, p. 566. Journal of the quantity of rain that fell at 


Holme near Mancheſter from 1765 to 1769; and at Barowby near Leeds from 
1772 to 1777, p. 571, 572. State of the rain for each month of the year 1777 


- g 
a 


20 


in London, p. 5$74=597- The quantity which fell there i in each month, ng in the 
whole year, p. 598. 

Rats, and all forts of wild animals, eaten by the Battas of Sumatra, p. 168. 

Reeds, (bamboo), houſes built with them in the iſland of Sumatra, p. 162. Hoy 
ſome of the inhabitants w write with — Pe 164, Uſedin their fortifications, p. 16;, 
A 

Refuge de NIN Rue des Dominiquaines at Louvain, its EP P- 642, 643, 
Its longitude deduced from obſervations of Jupiter's Satellites, p. 644. 

Regimen. On the antiſeptic regimen of the natives of — P- 622. "— 
Regimen. 

Report. Reaſons for diſſenting from the report of the committes appointed to conſider 
of Mr. Wilſon's experiments; including remarks on ſome experiments :xhibited by 
Mr. Nairne, p. 801—822. 


©. MW. "OM a—_ 
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Rhine, Sir William Hamilton's account of certain traces of volcanos on its banks, p 1 

See Volcano. 
Ribeira Grande, a town in che iſland of St. Miguel, — account of i it, p. 603. a 
Robins, Mr. concerning his new principles of gunnery, p. 50—5 2. 8 
( 


| Roman Roads, ſuppoſed to have been paved with lava from Veſuvius and the volcans 
near Naples, p. 4. 
Rome, the proportionable number of inbabitants that die there annually, p. 164. 
Rooms, ſmall ones unwholeſome i in diſeaſes, p- 199, 200. 204, 205. Bad effect of 
noſe-gays in rooms, p. 209. 
r Mr. William, his meteorological diary, &c. kept at Fort St. George i in * 
* Eaft Indies, p. 180. See Meteorological Diary. 

Rey, Colonel, compariſon between his and Sir George Shuckburghs rules for the 
_ * meaſurement of heights with the barometer, p. 681. See Barometer. 

Royal Society. The reports of the committee appointed by the Royal Society for er- 
amining the effect of lightning May 15, 1777, on the parapet-wall of the houſe of 
the Board of Ordnance at Purfleet, p. 236. 313—317. See Lightning, A mete- 

| orological journal for the year 1777, kept at their houſe, p. 574—600. See Table. 

Ruſs quaſe, a common drink in Ruſſia, how prepared, p. 627, 628. Their manner o 
making a better ſort of it, p. 628, 629. Remarks on it, p-. 630, 631. 

Ruſſia, on the antiſeptic regimen of the natives of, p. 622. See Anti/eptic Regimen. 

Rutland, abſtract of a regiſter of the barometer, thermometer, and rain, at Lyndon | in 
Rutland, for the year 1777, p. 554+ See Lyndon. | 

Rye bread, how made in Ruſſia, p. 630, 631 
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Saffron, its effect upon air, p. 208. 

gage leaves, the effect of their efluvia upon air, p. 202, 203. 

ge- tree, houſes in Sumatra thatched with its leaves, p. 162. 

Salubrity, extraordinary at Blandford r Dorſet, enquiry concernin 8 it, p. 61 i 
621. 

Sandford, Mafter, his ſquinting caſe, p. 86. See $quinting. 

Sandy ſoil, favourable to health, p. 218. 

Saunders, Dr. his letter concerning a journal of the weather at Montreal, p. 559. 

V Schehallien. An account of the calculations made from the ſurvey and meaſures taken 

* at — in order to aſcertain the mean denſity of the earth, p. 689. See 


Earth, 
* Schſti, a fn in Moſcow fo 2 how prepared, . 666, 667. Good againſt the 
Scurvy, ibid. 
Scott, Mr. J. his account of a family-imperfection of fight in regard to colours, p- 
612-614. 


ſary. Obſervations on the ſcurvy, p. 661. How introduced into the blood, p · 662. : 
But one ſort of ſcurvy, p. 662, 663. How to correct this diſorder by food, p. 663. 
The uſe of ſour krout a good method, p. 663, 654. All vegetables in their raw 

tate more antiſcorbutic than when boiled, p. 664, 665. State of the ſcurvy at 
Moſcow, and how produced, p. 666, 657. Great uſe of raw greens corrects the 
diſorder among their common people, p. 667, 668. Particular account of the pro- 
preſs of the ſcurvy in the Foundling Hoſpital there, p. 669—672. Method of 
curing them by bbiled vegetables, p. 672—674. A more violent ſcurvy among 
the children, p. 674, 675. Cured by their eating raw vegetables, &c. p 675— 
677. Farther cures by the ſame means, p. 677. How far the foregoing methods 
of cure may be uſeful in ſea voyages, p. 678—680. 

ta- cocoa - nut, not a marine production, p. 178, 179. Where 1 it grows, 1 

laſer, ſtate of it preceding the earthquakes of 1749, 17 50, p. 228. State of ĩt * 

er of fl eeding the earthquake at Mancheſter, &c. 1777, p. 228—231. 

ta-voyages, How far the methods of curing the ſcurvy i in | Moſcow may be uſeful i in 
ſea. voyages, p. 678—680, 

ecuring. Of the inter- ſecuring uſed in defending buildings opaink fire, p. 897. 

ld. Concerning the ſowing of elm - ſeed, p. 558. 

te Cidades, a valley in the iſland of St. Miguel, ſome account of it, p · 608, 609. 

ark, An account of the blue ſhark, p. 789, 790. 

ot, The force of fired gun-powder, and the initial velocities of cannon balls, deter- 
mined by experiments ; from which is alſo deduced the relation of the initial velocity 
to the weight of the ſhot and the quantity of powder, p. 50. See Gur-pozuder. 


renfoury, the proportionable number of inhabitants that die there annually, p. 154. 
% _ Shuckvurgh, 


c of 


the 


| Shuckburgh, Sir George, compariſon between his and Colonel Roy's rules Tor the mey 
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ſurement of heights with the barometer, p- 681. See Barometer. k 

Sight, concerning its organ, p. 9q1—94- Rev. Mr. Michael Lort's letter concerning 
a remarkable imperſection of ſight in regard to colours, p. 6r 17. A family diſorder, 
p- 612—614. 


Simia gibbon of Sumatra, a Ai of it, p. 170. Zo 


Sæin of the dog-fiſh, very uſeful in cleanſing electrical eylinders, p. 861, 862. 
Small ;-pox, fatal in early infancy, p. 143- The proportional fatality of the natural 
ſmall pox in Cheſter in the year 1774, p. 142, 143- 145. 148. Deaths by the 
ſmall-pox during the fame year, p. 150, Deaths by the fame diforder under one 
year old in the ſame year, ibid. General ſtate of the ſmall. -Pox there rig that 


year, p. 151. 


Smells. Volatile alcali the moſt aſefal to obviate bad ſmells, p- 209. 


Snail, experiment on one relative to its heat, p. 26. Why ſuails live under large ſtones 
and in holes in the winter, p. 32, 33. | 


| Snow keeps the earth war, p. 33. Snow one of the worlt conduftors of heat, 


P33, *. 
Soils. Experiments on the effects of the effluvia from moiſt, marſhy, and other kinds 


of ſoils upon air, p. 219—217. 
Salidi. Concerning the meaſure of the expanſion of ſolids by heat, p. 41 9—5 c 3. 


Sombrero. A deſcription of he wonderful plant of Sombrero, p, 178. 


Seuring prepared from ſtrong ſpirit of v0 the beſt for — P. 125.1 126. How 
to prepare it, p. 126. 2 

Seur- krout, very uſeful in the cure of the ſcurvy, P- 663, ec. 8 

Spirit of witriol, the beſt ſouring for tanners made from it, p. 12 IN 126. How to 


prepare it, p- 126. 


Springs, hot and cold, in the valley of Enes an account of them, p- 604-60, 
Perſons cured of virulent diſorders by theſe waters, p. 607, 608. 


Szuinting-. A new caſe in ſquinting, p. 86. A lad's particular method of viewing obs 


jects, p. 86, 87. His ſquinting occaſioned by bad habit, p. 87, 88. Method of 
cure, p. 88—90. 96. Squinting perſons have one eye much leſs perfect than the 
other, p. go. How they may be cured, ibid. Covering a weak eye generally the 
cauſe of ſquinting, ibid. Concerning the organ of viſion, p. 91—9g4. ConjeQure 


| relating to the above unuſual mode of ſquinting, p. 94—96. 
St. Miguel, the iſland, an account of it, p. 601. Its productions of a nearer affinity 


to Europe than Africa, p. 601, 602. Its fize, p. 602, An account of Ponta del 
Guda its capital, p. 602, 603. Country round it fertile and well cultivated, p. 603 
Some account of Ribeira Grande, ibid. Of Villa Franca, p. 603, 604. Of tht 
Furnas, and its hot and cold ſprings, p. 604-607. Perſons cured of virulent dif 


orders by theſe waters, p- 607, 608. Some account of Sete Cidades, p. 608, 609. 
Fal 
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Sole Demerel, in Devonſhire, the proportionable number of inhabitants that die there 


in one year, p. 154. 

Stonc, an account of a very large one near Cape Town, p. 102—106. Z 

a keeping them clean greatly contributes to the health of the inhabitants, p- 21. 

Stromberg, one of the Seven - bergen, compoſed of volcanic ſubſtances, p. 3. 

$:ukeley, Dr. his account of the ſlate of the atmoſphere and — preceding the earth- 
quake of 1749, 1750, p. 228. 

Sulphur, great quantities contained in lead ore, p. 868—379. Profitable hint to the 
lead ſmelters concerning ſaving it, p. 874, 875. 

Sumatra. An account of the iſland of Sumatra, &c. p. 160. andes of Fort Mal- 
bro, p. 161, 162. Deſcription of the houſes there, p. 162. Of the climate, p. 162, 
163. Some account of the inhabitants, p. 163, 164. Several volcanos on the 
iſland, ibid. An account of the inhabitants of the Caſſia country, p. 165. Their 
religious notions, ibid. Their government, ibid. Method of fortifyiog their vil- 

lages, p. 165, 166. Manner of fighting, p. 166. They kill and eat their priſoners, 
ibid. Polygamy allowed among them, p. 166. Their wives purchaſed, and all live 


a in the ſame houſe, p. 166, 167. Their marriage ceremony, p. 166. They may after- 
1, wards part, ibid. Adultery in the man puniſhed with death, and the offended party 
| and his friends eat the body, ibid. Adultery in the woman reduces her to a ſlave 
to her huſband, and ſhe is rendered infamous, p. 167. Death, and the body eaten 
the puniſhment for public theft, ibid. Unmarried women diſtinguiſhed by their 
_- dreſs, ibid. Dead bodies of their radjas not buried for months after their deceaſe, 
| ibid. Great ceremonies at their funerals, p. 167, 168. Their animal food, p. 168. 
Deſcription of the Caſſia tree, p. 169. Some account of the camphire tree, ibid. 
A Native camphire adulterated by the Chineſe, ibid. Deſcription of the Simia gibbon 
of Sumatra, p. 170. Tigers frequently deſtroy the people here, p. 171. Why the 
„ people will not kill tigers, ibid. They have ants of various kinds, ibid. A 


ſtratum of foſſil ſhells diſcovered, ibid. Some account of the iſland and inhabitants 
of Enganho, p. 171—177. Deſcription of the lalan-lout, or the wonderful Plant of 
Sembrero, p. 178. The ſea cocoa· nut not a marine production, P» 178, 179 · Where 
it grows, p. 179. 
dun, Eclipſe of June 24, 1778, obſervations on it, p- 101 3. 1014. The ſame ob- 
ſerved at Leiceſter, p. 1o19— 1021. 
Swift, Mr. William, his account of ſome electrical experiments, p. 155. See Elickrical 


en, 


Vor. LXVIII. 6 


3 - 
os Oe OBA 


DIR - ASST 
. XL ON CESS 
N — 


TABLES. 


Experiments on the force of fired gun-powder, and the initial velocities of cannon 


Obſervations on the population and diſeaſes of Cheſter in the year 1774. Deaths, 


State of the thermometer within and without, and of the barometer, winds, and 
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Extract of meteorological obſervations made at Hawkhill, x near Edinburgh, for the 
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Experiments on trees reſpecting their temperature, comparatively with that of the 
atmoſphere, in different degrees of heat, p. 46—48. 


balls; from which is deduced the relation of the initial velocity to the weight of 
the ſhot and the quantity of powder, p. 67. 70. 72. 76, 77. 80, 81. 


ages, and conditions, p. 147. Diſeaſes, p. 148. Total of deaths, p. 150, 
Deaths by ſmall-pox, ibid. Deaths by the ſmall-pox under one year old, ibid, 
State of population, ſmall pox, and fevers, p. 151. General bill of the ſeveral 
pariſhes for ten years, from 1764 to 1773, p. 152. General bill for the year 
1774, ibid. The numbers that die annually in the ſeveral pariſhes, taken upon 
an average of ten years, from the year 1764 to 1773, p. 153. The propor. 
tionable number of inhabitants that die annually in various places, p. 154. 


weather, at Fort St. George, in the Eaſt Indies, in October 1776, p. 182—183. 
In November, p. 184—186. In December, p. 186—188. In January 1777, p. 
188—190. In „ p- =O Diſeaſes there —_— * months, 
92 

Journal of a voyage to the Eat Indies, in the year 17755 p- 389. Explanation of 
the columns, p.. 389, 390. Particulars of- the voyage to the Cape of Good 
Hope, p. 391—404, To Madraſs Road, p. 405—414. Errata and addenda in 
the journal, p. 415, 416. Regiſter of the dip in the Swallow ſloop of war, p. 
417, 418. Aftronomical obſervations in the Swallow, p. 418. 

Abſtract of a regiſter of the barometer, thermometer, and rain, at mn 

Rutland, for the year 1777, p. 554. 

Journal of the weather at Montreal for December "ROY p. 560. For January 

1777, p. 561. For February, p. 562. For March, p. 563. 


years 1773, 1774, 1775, 1776, p. 564, 565. 


| Depth of rain at Hawkhill, near Edinburgh, for the year 1766, p. 566. 


Extract of a meteorological journal for the year 1777, kept at Briſtol, p. 567. 

An abridged table of the winds, &c. for the year 1777, at Briſtol, p. 368. 

Journal of the quantity of rain that fell at Holme, near Mancheſter, from 1765 to 
1769, p. 571. 

Journal of the quantity of rain that fell at Barowby, near Leeds, from 1772 to 
17777 P. $7». 
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Meteorological journal for the year 1777, kept at the houſe of the Royal Society, 
p- 573- State of the thermometer within and without, and the barometer, rain, 
_ winds, and weather, for January, p. 574, 675. For February, p. 576, 577. 
For March, p. 578, 579. For April, p. 580, 58 1. For May, p- 582, 583. 
For June, p. 584, 585. For July, p- 366 587. For Auguſt, p. 583, 589. 
For September, p. 590, 591. For October, p. 592, 593. For November, p. 
594, 595. For December, p. 596, 597. Greateſt, leaſt, and mean height of 
the thermometer within and without, and of the barometer, with the quantity 
of rain, in each month throughout the year, p. 598. Variation-needle, p. 599. 

_ Dipping-needle, p. 600. 
Table of the baptiſms, marriages, and burials, during forty years, 3 at Blandford 
Forum, Dorſet, p. 618. | 
Total of each during that period, p. 619. 


Annual average of baptiſms and burials in the four decimal periods of the fore- 


going table, p. 620. 


The whole number of burials in md month, and each quarter of the yu col 


— during the whole of the above period, p. 621. 
Longitude of ſeveral places, p. 640. 645—654. 656—658, 
Latitude of the Refuge de Vrowperg, Rue Yes Dominiquaines at Louvain, p. * 
Its longitude deduced from obſervations of Jupiter's ſatellites, p. 644. 


Compariſon between Sir George Shuckburgh and Colonel Roy's rules for the 


meaſurement of heights with the barometer, p- 684, 685. A new rule for re- 
ducing the obſervations, p. 688. 


Calculations made from the ſurvey and meaſures when at Scheballien, in order to 


aſcertain the mean denſity of the earth, p. 692—701. 703. 797» . 714. 
716. 720. 722. 724. 726746. 759—765. 769 — 776. 

Concerning the advantages of a new- invented machine for determining the perfect 
proportion between different moveables . by levers and wheel and pinion, 
p- 994—998. 

New experiments on the Leyden phial, reſpecting the different effects of pointed | 
and ſpherical terminations to conductore, p. 1007—1011. 

Obſervations on the ſolar eclipſe June 24, 1778, p. 1015—1018. 1019, 1020. 

Track of the ſhip Lion from England to Davis's Streights and Labradore, with 
obſervations for determining the longitude by ſun and moon, and error of 

common reckonivg ; alſo the variation of the compaſs, and dip of the needle, 
as obſerved during the voyage, in 1776, p. 1017. From England to Cape 
Farewell, ibid. From Cape Farewell along the weſt coaſt of Greenland, 1059. 
From Moſketto Cove, Greenland, to the end of Davis's Streights, 1061, 1063. 
From Davis' $  Streights to the coaſt of Labradore, 1063. 
7] EET Tails 
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Taili of fiſh frozen, with a view to ſee if they would be reſtored to the actions of life 
when thawed, p. 37, 38. 

Tannert, ana to W for carrying on a new method of tanning, p. 120. See 
Leather. 

Taming leather, an improved method of doing it, p. 111. See Leather. 

Tartalta, his opinion concerning the communicating of motion to bodies, p. 345. 

Tench, experiment on one relative to its heat, p. 27. Experimenron a living and dead 
tench, to determine whether life had a power of reſiſting heat and cold, p. 28. 

Tail of a tench frozen with a view to ſee if it would be reſtored to the actions of life 
when thawed, p. 37, 38. 

Ten-wietk flocks, flowers, the effect of chels effluvia upon air, p. 202, 203. 8 

Theft, how puniſhed among the Battas of Sumatra, p. 167. | 

Thermometer, deſcription of a ſmall one on a new conſtruction, p 7, 8. Abl act of a 
regiſter of the barometer, thermometer, and rain, at Lyndon in Rutland, for the year 
1777, p- 554. See Lyndon. State of it within and without, at Fort St. George in 
the Eaſt Indies, during the months of October, November, December, 1770, p. 182 
—188. And for the months of January and February 1777, p. 188—192. State of 

it within and without in London, for each month throughout the year 1777, p. 574 
597. Greateſt, leaſt, and mean height of it in each month, p. 598. 

Thyme la ves, the effect of their efluvia upon air, p. 202. 

Tigers, the Battas of Sumatra ſuppoſe them animated by the ſouls of their anceſtors, p. 

151. The tigers frequently deſtroy theſe people, ibid. 

Toadi, why they burrow and live under large ſtones in the e winter, p- 32, 35 

Tongue, experiments on its heat, p. 11, 12. 

Toaver of Babel, a remarkable * ſtone near Cape Town fo called, p. 103. De- 
ſcription of it, p. 103-105. ; 

 Trackenfelts, one of the Seven-bergen, 0 voleanic n 1 

Trees. A deſeriprion of the caſſia tree, p. 169. Some account of the camphire tree, 
ibid. The effect of the efluvia of tree · primroſe · flowers upon air, p. 202. Expe- 
riments on ſome trees reſpecting their temperature * with that of the 
atmoſphere in different ſeaſons, p. 41—48. 

Tuffa, uſed in the walls of ancient buildings in Cologne, p. 2. A hard volcanĩe tuffa 
uſed for building in the town of Bonn, p. 3. High rocks of it on each fide of the 
Rhine, p. 3. 4. Vaſt quantities of it at Andernach, p. 5. It produces a conſi- 
derable trade between that town and Holland, p. 6. The tuffas of Naples ſuppoſed 
to be compoſed of a puzzolane, prepared by volcanic fire, ibid. 

Tarks, an account of a moſt dreadful putrid fever a them at * cauſed by 
the Arabs, p. 215, 
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Ulmaria flowers, the effect of their efluvia upon air, p. 202, 203. 

Unile. The court of the palace of the eleQor-palatine of Duſſeldorff paved with a lava 
from Unkle, p. 2. Great quantities of baſaltic columns brought from thence, p- | 
2, 3- An account of the quarry there, p. 3, 4. 

Urethra, experiments on it, relative to heat and cold, p. 13. Experiments on a living 

and dead penis, p. 13—17. 


V. 


Veal, experiments on the effects of its effluvia upon air, p. 200, 201. 

Vegetables. Of the heat, &c. of animals and vegetables, p. 7. Vegetables of every 
country are affected if the ſeaſon be more than ordinarily cold, and ſome more than 
others, p. 39. Trees from warmer climates ſometimes killed with the cold, p. 39, 

40. Experiments upon vegetables reſpecting their temperature comparatively with 
that of the atmoſphere in different ſeaſons, p. 41—48. 


Vigerables, their great uſe in curing the ſcurvy, p. 663, &c. More antiſcorbutic i in 


their raw ſtate than when boiled, p. 664, &c. See Scurvy. 
Vegetable effluvia, experiments to diſcover their effects upon air, p. 201—203, 
Velocity. The force of fired gun-powder, and the initial velocities of cannon balls, de- 


termined by experiments; from which is alſo deduced the relation of the initial ve- 


locity to the weight of the ſhot and the quantity of powder, p. 50. See Gunpowder. 
V:ſivius. The lava from Veſuvius and the volcanos near Naples ſuppoſed to have been 
uſed for paving the great Roman roads, p. 4. 
Vienna, the proportionable number of inhabitants that die there annually, Pp. 154. 
Villa Franca, a town in the iſland of St. Miguel, ſome account of i it, p. 503, 604. 
Viper, experiments on one, relative to ĩts heat, p. 25. 27. 
Viſſon, concerning its organ, p. 91-94. | 
Vitriol. The beſt ſouring for tanners made from the firong ſpirit of viteiad, p. 12. 
126. How to prepare it, p. 126. 
Volcanes. Sir William Hamilton's account of certain traces of volcanos | on the banks 
of the Rhine, p. 1. The court of the palace of the elector · palatine at Duſſeldorf 
paved with a lava brought from Unkle, p. 2. Numberleſs baſaltic columns in the 
walls of the town of Cologne, brought from Unkle, and uſed as poſts in the ſtreets, 
ibid. The walls of its ancient duildings are of a tuffa reſembling that of Naples, 
ibid. Many columns of baſaltes in the walls and ſtreets of Bonn, p. 3, 6. The town 
paved with lava, ibid. The ſtone uſed here for building, is a hard volcanic tuffa, 
ibid. Wolkenberg, Trackenfelts, and Stromberg, threee of the Seven-bergen, com- 
poſed of volcanic ſubſtances, ibid. High rocks of lava or tuffa on each fide of the 


Rhine, p. 3; 4+ An account of the quarry at Unkle, p. 4, 5. Valt — of 
tuſta 
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tuffa at Andernach, p. 5. It produces a conſiderable trade between this town and 
Holland, p. 6. The tuffas of Naples ſuppoſed to be compoſed of a PR pre- 
pared by volcanic fire, ibid. 

Vol. Sal Ammoniac, its effect upon air, p. 208, 

Volatile alcali, the moſt uſeful to obviate bad ſmells, p. 209. 

Folcanos, ſeveral in the iſland of Sumatra, p. 163, 164, 

Volta, Mr. concerning his Electrophorus, p, 1027. See ZClectropborur. 

Foyage to the Eaſt Indies, in the year 1775, a journal of it, p. 389-416. See Tables. 


W. 


Wales, Mr. William, his obſervations on as ſolar — June 24, 1778, p- 1013— 
1018. 

Valaut- tree, experiments on one, reſpeding its temperature _—_— wich that 

of the atmoſphere, p. 41—48. 

Wallis, Dr. his opinion concerning the communicating of motion to bodies, p. 346. 
 Watch-making. Account of a very uſeful machine for determining the perfect propor- 
tion between different moveables acting by * and wheel, and pinion, p. 959 

—998. . 
Mater. Stagnant water frequently the cauſe of diſeaſe, p. I 31—1 32. Experiments 
on the pureneſs of the air over waters, p. 211. Water corrects and puriſies air 
rendered noxious by reſpiration and putrefaction, p. 141. An account of the mi · 

neral waters in the iſland of St. Miguel, p. 606-608. 
 Watfon, Dr. Richard, his chemical experiments and obſervations on lead ore, Pe 86; 
See Lead Ore. 
Watfor, Dr. William, his account of a blue-ſhark, p. 789. 790. 

Wattle and comb of a cock frozen, with a view to ſee if they would be reſtored to the 
actions of lite when thawed, p. 36. 
Weather. State of it at Fort St. George, in the Eaſt Indies, during the months of Octo- 
ber, November, and December, in the year 1776, p. 182—188. And for January 
and February, 1777, p. 188—192. State of it before the earthquake of 1749, 1750, 
p- 228. State of it before the earthquake at Mancheſter, &c. 1777, p. 228—231- 
Obſervations on the weather, & c. during the year 1777, at Lyndon in Rutland, p. 
555, 556. An account of the weather there in the year 1725, p. 556, 557. Remark 
\ thereon, p. 557, 553. Journal of the weather at Montreal, p. 559. Dr. Saunders's 
letter concerning it, ibid. State of the weather for December, 1776, p. 560. For 
January, 1777, p. 561. For February 1777, p. 562. For March, 1777, p. 563- 
Weather for the year 1777, at Briſtol, p. 5668—570, State of the weather in Lon- 
don for each month throughout the year, 1777, p. 574—597- 
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Wheel. Account of a newly. invented and very uſeful machine for determining the 


perfect proportion between different moveables acting by levers, and wheel and 
pinion, p. 950— 998. | 

ite, Dr. W. his experiments upon air, and the effects of different kinds of effluvia 
upon it, made at York, p. 194. See Air. 

Wilſon, Mr. Benjamin, his diſſent from the report of the committee, appointed by the 
Royal Society, for examining the effect of lightning upon the parapet-wall of the 

| houſe of the Board of Ordnance at Purfleet, p. 2 39—242. An account of his expe- 
riments on the nature ard uſe of conductors, addrefled to his Majeſty, p. 243, &c. 
See Lightning. Dr. Muſgrave's reaſons for diſſenting from the report of the com- 
mittee appointed to confider of Mr, Wilſon's experiments ; including remarks on 
ſome experiments exhibited by Mr. Nairne, p. 801—822. Remarks on Mr. Wil- 
ſon's new experiments and obſervations on the nature and uſe of conductors, p. $55, 


860. Mr. Wilſon's new experiments on the Leyden phial, — the termi- 
nation of conductors, p. 999. See Condudtors. 


Winds. State of them at Fort St. George, in the Eaſt Indies, during the months of 
Odtober, November, and December, 1575, p. 182—188. And in January and 
February 1777, p. 188—192. An abridged table of the wiads, &c. at Briſtol, for 
the year 1777, p. 568. State of the winds in London for each month throughout 
the year 1777, p- 574—597. 


| Wives, a plurality of them allowed among the Battas in Sumatra, p. 166. Purchaſed 


by the huſband, and all live in the ſame houſe, p. 166, 167. See Sumatra. 
Wolckenberg, one of the Seven · bergen, compoſed of volcanic ſubſtances, p. 3. 


Women live longer than men in Cheſter, p. 144. Cheſter peculiarly favourable to their 
conſtitution, ibid. How the unmarried women are diſtinguiſhed by their dreſs 
among the Battas in Sumatra, p. 169. 


Vorms. Earth-worms frozen, with a view to ſee if they would be r reſtored to he actions 
of life when thawed, p. 38. . ”- 


IV ren, his opinion concerning the communicating e of motion to bodies, p. 346. 
Mriting, the method of, uſed by ſome of the inhabitants of Sumatra, p. 164. 


Perk. Experiments made there upon air, and the effects of diferent kinds of efluyia ; 
moo it, p. 194. See Air. 


Z. 
Zinc. On the uſe of an amalgam of zinc, for the purpoſe of electrical excitation, p. 861 
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567, line 1, for Era read Extraft. 


3574.1 
375,7 


- _—_ - 
508, —— January fer 1.029, read 1.0 39 

— PPP 8 755 

— ——— whole year, for 25.371, read 222 381 

8156, line 1 bing, read being 

867, line 13, for theſe read their 


The number of PLaTzs in this volume is XVIII. 
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Page go, line 6, after Mr. Charles Hatton, in/ert F.R.S, 


136, line 5, for ſeventh, read eighth 
146, line 6 from the bottom, for unhealty, read unhealthy 


1560, line 2, after Edward King, Eſq. in/ert F. R. 8. 

162, line 7, fir Sage-tree read Sago-tree 
206, line 15, for was read were LT = 

242, line 12, 13, 14, for encloſing a letter—conduQors. read en- 


cloſing an Account of Mr. wiLsoN's Experiments on 
the nature and uſe of Conductors, addreſſed to uu 
MAJESTY. 


285, line 7 from the bottom, for maing, read maining 
327» line I, for coucluded, read concluded. 1 5 


5 54, line 1, for Abtract, read Abſtract 


571, line 4, after George Lloyd, inſert Eſq. F. R.S. 


line 24 for 1778, nad i 777 
576, g : 5 
577, Rain in February 18, for 1.079, read 0.079 
587, oy a 21, for 1.194, read 0.194 
October 18, for 0.992, read 0.092 
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GENTLEMEN, 


A MONG the ſeveral experiments communicated to 

the Society, during the courſe of the preceding 

ear, none ſeeming ſo much to engage your attention, 

s thoſe contained in the Paper, intituled, The force of 
red gun-powder, and the initial velocity of cannon-balls, 
. termined by experiments: with much pleaſure there- 
ore I acquaint you, that, on account of the pre-emi- 
nence of that communication, your Council have judged 
the author, Mr. CHARLES HUTTON, worthy of the ho- 
four of the annual medal, inſtituted on the bequeſt of Sir 
GODFREY CoPLEY Baronet, for raiſing a laudable emu- 


ation among men of genius, in making experimental 
Inquiries. But, as on former occaſions, ſo now, your 
Council, waving their privilege of determining the 
choice, have acted only as a ſelect number deputed by 
1 you, 


* 
vou, to prepare matters for your final deciſion. I come! 
then, on their part, briefly to lay before you the ſtate 
of the Theory of Gunnery, from its rife to the time when Pc 
its true foundation was laid, in order to evince hon 
conducive thoſe experiments may be to this improve- Im 
ment of an art of public concern, as well as to the ad- 

th 
in 


vancement of natural knowledge, the great object « 


your inſtitution. And if, upon a review of the ſubjed, 
you ſhall entertain no leſs favourable an opinion of Mr, 
HUTTON's performance, than what your Council hay 
done, it is their earneſt requeſt that you would enhance 
the value of this prize, by authorizin g your Preſiden 
to preſent i it to our ingenious brother in your name. 


ARTILLERY (n the large acceptation. of thi 
term) took place long. before the invention of gun 
powder. We trace the art to the remoteſt antiquity, 
ſince the Sacred Records acquaint us, that one of the 
kings of Judah, eight hundred years before the Chriſ- 
tian ra, erected on the towers and bulwarks of Jeru- 
falem engines of war, the contri vance of ingenious 
men, for ſhooting arrows and great ſtones for the de 
fence of that city % Such machines were afterwards 


(a) 2 Chron. Xvi. 15, EB 


known 


ii + 
Jon to the Greeks and Romans by the names of 
%%, catapulta and others, | which had amazin g 
powers, and were not leſs terrible in their effects than 
he cannon and mortars of the moderns. It appears 
that the ball Aa was contrived to ſhower volleys of darts 
and arrows of a very large ſize upon the enemy, whilft 
the calapulia or onagra (as it was otherwiſe called) 
ct, was fitted not only for that purpoſe, but for diſcharg- 
ing ſtones of an enormous weight; 1 might ſay rocks, 
Mince ſome of them are reported to have weighed ſeveral 
Mhundred pounds. Batteries compoſed of numerous 
pieces of that Kind of artillery, nothing could withſtand. 
Yet, if we are rightly informed, their ſole principle of 
motion conſiſted in the ſpring of a ftrongly-twiſted = 
heFſcordage, made of animal ſubſtances ſingularly tough. | 
n-Fand elaſtic. Theſe warlike inſtraments continued, not 
only during the time of the Roman empire, but to the 
12th and 1 4th: centuries, as we find from hiſtory; nor 
indeed is it probable that they were totally laid aſide, 
till gun-powder and the modern ordnance, attaining a 
good degree of perfection, ſuperſeded their uſe. The very 
intelligent commentator of PolTRTIUs“is of opinion, 
that the military art rather loſt than gained by the ex- 


(4) M. For Ann. 


change 


* _ ns 


5 4 * 
* I Le F mt 3 
a, — — POO OE 
7 * nl : 2 


— . 8 —— ——ñę ꝙ : — — — 


- os — = * 
. PEE. — 2 — TL * 0 2 - 6h 8 . N * , 
2 . -=£ rr — 2 2 — 1 Ne 8 r - 3 n <a 3 SHS * 
r * > CDS ALE La add * 5 * > 8 . — rh gs 5 4 es PR NR SIS * * IG n . — ” * 
re ö = 1 — 2 ” : 0 1 = * — 
4 : a mood > 5 PE — 


or of ſome other ſubſtance of a ſimilar nature. 


than to aſſiſt ſo empirical a practice by ſcientific rules; 
for, however aiding in theſe matters the ancient mecha- 
nicians might have been, who, like ARCHIMEDES, had 
invented or perfected ſome of the baliſtic machines, no 


the diſcovery or improvement of the new artillery. In 


grounded on geometry. 


ua 

chan ge of the catapulia for the mortar: but howeve 
that point may be determined in ſpeculation, it is not 
likely that the ancient tormenta militaria will ever be 
revived; but that all nations will keep to the art of 


gunnery and {tudy how to improve it; that is, they wil 
adhere to a ſyſtem of artillery, wherein the moving 


power depends on the expanſive force of gun-powder, 


VD pon the firſt application of this principle to the pur 
poſes of war, nothing perhaps was leſs thoyght of 


praiſe ſeemed now due to the mathematicians for either 


fact, we find the practice of the art had ſubſiſted about 
200 years, before any geometer conſidered it as one that 
admitted a theory, or at leaſt ſuch a theory as was 


It ſeems bur juſt to trace and commemorate the in- 
ventors of the 1 ingenious arts which furniſh matter for 
%%% 
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-Courſes on theſe occaſions; and not only the main in- 
entors, but even thoſe who firſt turned their thoughts 
7 pon the ſubject: for, though ſuch men may not have 
xoduced any thing perfect, yet they may have ſug- 
xfted ideas to others of a leſs inventive, but of a more 
xecutive genius, and who, unprovided with thoſe 
* its, would never have made any notable diſcovery. 
muſt therefore obſerve, that the Itahans were the firſt 
ho emerged out of thoſe thick clouds of ignorance and 
arbariſm which had ſo long overſpread this quarter of ” 
je worid. They profited by the unhappy fate of Con- 
kntinople; for by liberally receiving the learned emi- 
rants on that diftreſsful occaſion, they were largely re- 
kd by their arts and ſciences, and ſtill more abundantly 
their language, whereby they were enabled to read and 
o tranſlate thoſe ancient manuſcripts, which the Greeks 
dad ſaved out of the wreck of their country. The art 
if printing, which was eſtabliſhed ſoon after, was the 
neans of quickly diſſeminating thoſe treaſures of know- 5 
edge, and concurred with the fall of the eaſtern empire 
form an epoch for the advancement of learning, un- 
aralleled in the annals of letters. 


The end of the 1 5th century, and the whole of the 
2 were chiefly employed by the Italians in the ſtudy 
and 
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and in the tranſlation of the old Greek authors, Th 
geometry of the ancient Greeks, as well as the arith 


tivated; but both remained, as it were, ſciences by them 
ſelves, unaſſiſting to, or at beſt but weak and reluQan 
auxiliaries to the philoſophy of the ſchools: and in 
deed how could the abſtracted doctrines of numbers an 
quantities be ſtrained to co-operate with a ſyſtem, ir 
which neither the laws of motion, nor any but the ſy 
perficial, and often deluſive properties of matter, were t 


brilliant as it was, had never been properly directed t 


Lord BacoN pronounced) for a ſtudy that made ſo floy 
and pain ful a progreſs, by re-iterated and varied experi 


mixed mathematics, as they are called, deſcended to the 


moderns in a ſtate no-wiſe correſponding to the ele 


were elementary and pure; and that thoſe mixed part 
ſhould have been found defective and erroneous, in pre 
Portion (if 1 may ſo expreſs myſelf) to the phy ſical con 
ſiderations that were to be taken into the inquiry. The 


—_—_— = 
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metic in numbers and ſpecies of the Arabians, were cy] 


be met with? The genius of the Greeks, all acute ane 


the interpretation of nature, and was indeed unfit (a 


ments and obſervations. It was no wonder then, if the 


gance and certainty of thoſe parts of the ſcience whid 


im perfection of the ancients, with * to natural 
philoſophy 


= proj jectiles into conſideration. 
body impelled with violence, ſuch as a ball diſcharged 


L <9 I 
philoſophy, was not perceived at that time; ; Nay, at the 
period we are treating of, the learned were firmly per- 


ſuaded of the contrary, and that all that was wanting 


to be known concerning the laws of nature, and the 


properties of matter, was to be taken either directly, or 
by deduction, from the phyſics of ARISTOTLE. 


It was 
not till the 17th century was ſomewhat advanced, that 
men of ſcience began to liſten to Lord Bacon and Ga- 


IIL Eo, the great founders of the experimental and the 


true 3 


m white, in-the beginning of the 16th century, 


unqualified as the Italians then were for entering upon 


phy ſico- mathematical inquiries '* , they nevertheleſs 
made the attempt, and in ts took the theory of 
Some imagined that a 


from a cannon, moved in a right line till the force Was 


ſpent, and that then it fell in another right line per- 
pendicularly to the earth. Upon this principle, abſurd 
as it was, we find one of the earlieſt authors ground- 


(c) The chief exception that occurs to this general remark, is the rapid 


progreſs which in that age CopERNicus made in aſtronomy ; who was not in- 
deed an Italian, but was ſuppoied to have profited by his early travels into Italy, 


which he enlightened afterwards by his admirable diſcoveries. 


B - —myY 


1 wo 1 5 
ing his whole theory of gunnery (; whilſt others, diſ- 
ſenting from his hypotheſis, admitted only the ſtraight 
line, in which the ball moved for ſome time after com- 


ing out of the piece, and that other ſtraight line in 
which it fell to the ground; but aſſerted that theſe two 
were connected by a curve line, and that this curve was 
the ſegment of a circle. NicoLas. TARTAGLIA of Bre- 
. feia, a mathematician of the firſt; rank in thoſe days, 
and ſtill celebrated for his improvements in algebra,. 
hath been ſuppoſed to be the author of this doctrine, no 
leſs erroneous than the former, and for which two of his. 
books have been quoted. Thoſe I have never ſeen; 
but from another of his works, profeſſedly written on 
this ſubject, and tranſlated into Engliſh under the title 
of Colloquies concernin g the art of Jhooting in great and 
ſmall Pieces of artillery 7 , him I find, contrary to the opi- 5 
nion of his contemporaries, maintaining that no part of 
the track of a cannon- ball is in a right line, though the 
curvature in the firſt part of its flight be ſo ſmall, that 
it needeth not to be attended to. But TARTAGLIA is 
far from ſuppoſin g, that the line in queſtion hath any 
relation to a pa- 'abola, or to any regular curve. ST 
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(ad) See MonTucLa, Hiſt, des Mathem. vel. I. p. 623. 


(e Thoſe were La Nuova Scientia, and Queſiti ed Inventioni diverſe. 
O Publiſhed at London, A. 1 588. | 


would 


[ xx } 
would ſeem then, that if this mathematician had at firſt 
| been ſo far miſtaken, as to fancy that ſome part of the 


courſe of a projectile was in a ſtraight line, he had after- 


wards changed his opinion, and was perhaps ſingular 
in what he finally embraced. 


From numerous inſtances one would imagine, that 
in thoſe days, fo far were men of ſcience from making 
experiments themſelves, that they even ſhut their eyes 

againſt what chance would have preſented to their ſight. 
For, whoever had minded the roving ſhot of an arrow, 
the flight of a ſtone from a ſling, or had attended to a 
ſtream of water ifſuing from the ſpout of a ciſtern, : 
might have been convinced, that the path of every pro- 
| jectile was ma continued curve, whatever little he 
otherwiſe knew concernin 8 the Properties of that one. 


But had the obſervation of the philoſophers gone ſo 
a far, they had ſtill been at a diſtance from the truth. 
FT hey might have perceived. a likeneſs between the 
track of thoſe bodies in motion and a parabola, and con- 
cluded, from analogy, that all projectiles delineated that 
curve in the air; but they could never have realized 
their conjectures by mathematical demonſtration, with- 

. B 2 out 


t 12 1 
out previouſly knowin g the law of acceleration i in fall- 


ing bodies: a diſcovery reſerved for the next century, 
and for GALILEO C/ one of the greateſt ornaments of! it. 


821 


It wk he who firſt weil the effects of gravity 
on falling bodies, and upon that foundation demon- 
ſtrated, that all projectiles would move in a parabola i in 
a non-refiſting medium. And as he made httle account 
of the reſiſtance of 'the air, whoſe properties were then 
imperfectly known he proved that a ball ſhot horizon- 
tally would, in its flight, deſcribe half a parabola; and 
when the piece had an elevation above the horizon, the 
ball would deſcribe a whole parabola, ſuppoſing it to 
fall on the plane of the battery. By the ſame method 
of reaſoning he ſhewed, that whatever the ranges of the 
projected body, or the elevations of the piece were, the 
ball would ſtill trace that curve line, of a greater or lefler 


amplitude, by the time it deſcended to the level of the 
place from whence it came. 


Thus far went GALILEo, confining his projections to 
the horizontal plane of the battery; but TorRRICELLI 
(2 He was born in the year 1564; but few if any of his works were pub⸗ 


liſhed till after the year 1600, and his dialogues on motion not before 1638. 


1 
his diſciple ſoon after carried the theory farther, by 

tracing the ſhot to its fall, whether that place was above 

or below the plane; and ſtill found, by geometrical de- 

ductions, that it flew in a parabola of a larger or a 

ſmaller amplitude, according to the angle of elevation 
of the piece, and the ſtrength of the powder. 


various and numerous had been the diſputes in Italy 

about the laws of motion in general, and eſpecially 
about thoſe of projectiles, from the time the mathema- 
ticians had begun the 1 inquiry, till the publication of the 
dialogues of GALILEO. on that ſubject (a ſpace of up- 
| wards of a hundred years) but from that period, ſo 
evident did his demonſtrations appear, that all conteſt f 
ceaſed, and every man of ſcience was convinced, that all: 
projectiles moved in the track which he had diſcovered. 
For, as to the reſiſtance of the air, which he had not 
paſſed unnoticed (as GALILEO himſelf had been the firſt, i 

at leaſt of the moderns, who ſtarted the notion of the 
weight of the air and the preſſure of the atmoſphere) | 

; yet ſo thin arid ſo yielding did they efteem that fluid to 
de, that they were affured it could occaſion no ſenſible, 
at leaſt no material, deviation from that curve. As they 

had the prone from GaLI1LEo, ſo they believed them- 

; : — — = ſelves 


* - - 


. 


| elves warranted by that reſpectable author, not to fear 
from that cauſe any objection, which he himſelf had 
ſuggeſted, but had removed. Among theſe projectiles 
(ſays he) which ve make uſe of, if they are of a beavy 
matter and a round form; nay if they are of a izghter 
matter, and have a cylindrical form, ſuch as arrows ſhot 


from bows, their track or path will not ſenſi bly decline from 
the curve of a Parabola' . 


Here then was the theory of gunnery laid, in ap- 
pearance, on the moſt ſolid foundation. And thus far 
the Italians havin g proceeded, they ſeemed to have taken 
leave, and to commit the ſubject to other nations, whoſe 
greater power, or greater ambition, was more likely to 
make them avail themſelves of the perfection of a mi- 

litary art, than their inſtructors. We had reaſon 
therefore to expect, that a neighbouring ſtate, intent 
upon the advancement of the arts and ſciences. in ge- 
neral, would not fail to give particular attention to 
thoſe that ſhould appear moſt ſabſervient to its gran- 
deur. Accordingly we find, that our ſiſter· ſociety of 
f that kingdom had not been many years eſtablifhed, 
1 when an ingenious member of that illuſtrious Body, not 
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(h) See his 4th Dialogue on Motion, aa 
N queſtioning 


Tg 1 


queſtioning the ſoundneſs of the Galilean b in 
regard to projectiles, in the year 1677, propoſed to the 
academy, as a problem for the improvement of artil- . 
lery, how to direct a piece (ſuppoſe a mortar) ſo as to 
make the ſhot fall where one had a mind; or in the 
common expreſſion, zo bit a mark, the ſtrength of the 
powder being given”. This thought met with general 
approbation, „and ſo far were the academy from raiſin g 
any difficulty about the obſtruction which the air might 
occaſion to a body moving with ſo much velocity | 
that we do not find the making experiments on that 
head was conſidered by them as an eſſential ſtep to the 
ſolution; but that their principal geometers ftraightway 
ſet about ſolving the problem as it had been announced 
to them, ſome following one method, ſome another, 
and all upon the ſuppoſition of a projectile movin 8 in 
the line of a parabola. But M. BLONDEL, who had 
been the propoſe r, and who more particul arly had ſtu- ; 
died the queſtion, compoſed a large volume on the ſub- 
ject, which he publiſhed a few years after % under the 
title of LAr. de jetter les Bombes; a performance much 
celebrated at the time, and that continued in no ſmall 


WT See Hiſt. de Academ, Roy. des Ces A 1707. 5 5 | 
1 Dl In the year 1683. Sce Hiſt. de Acad, R. des Sci. A. 1707. | 
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requeſt lon g after, as containing, beſides his own, the 
labours of ſeveral other members of that ſociety of the 
moſt diſtinguiſhed merit. So many, and ſuch hands 
concurring in framing this work, it was no wonder that 
the learned throughout Europe were confirmed by it in 
the Galilean theory; and the more as M. BLONDEL had 
obviated the only objection they ſuppoſed could be 
made to it, the 76% Nance of 1be air, which he had taken 


care expreſoly to mention, and ſo to combate as to per- 


ſuade the reader, that the retardation ariſing from 
that cauſe was ſo inconſiderable as to be of no account 


in the * 


This mußten about the ſmall or non-reſiſtance of the 


air to bodies rapidly moving in it, was ſo prevalent at 
the end of the laſt century, and in the beginning of the 
preſent, that in the hiſtory of the Royal Academy for 


the year 1707, we find their worthy and moſt accom- 


pliſhed ſecretary, after taking notice of the joint labours 


of ſo many able mathematicians concerned in BLON- 
DEL's publication, venturing to ſay, it did not appear tbat 


. any thing was then wanting for the practice of the art of 
Gunnery] except perhaps perfecting the inſiruments far 


Pointing a cannon or mortar . . . . . . but that geometry 
OS = bad 


he had an pp 
ments on the ranges of bombs, and by thoſe trials was 
aſſured that their flight was not in a parabola; yet o 

far was he from aſcribing the deviation from that figure 


| C x7 ] 
ba done. its part, ſo to. peak, with regard to praclice. 
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But far be it from our intention to relate the imper- 
fections of others, in order to raiſe ourſelves by the.com- 
parton. Candour requires of us not only to acknow- 
ledge, that i in this country, as to the point in queſtion, 
we did not ſurpaſs our neighbours; but ingenuouſly to 
own that, on the contrary, we were perhaps more liable 
to- exception. For, ſome years before BLONDEL's work | 
appeared „a treatiſe was publiſhed by one of our 
own artileriſts,. ANDERSON (a perſon of eminence in 


his pro feſſion): intituled The. genuine uſe. and effecis of 


the gun, in which the : author. ftrenuouſly, ſupports the 
Galilean theory; n nor: do We learn he was ever contra 


dicted among us, althou gh he undertook to. anfwer all 
thoſe. Who ſhonld. make objections to it. Nay, when 


* 
. 
* vu SJ, „ oy ; * 


to the reſiſtance of. the air, that he had recourſe to an 


(1) Hiſt. de P Acad. R. des Sc. A, 1707, under the article Mechaniqus. 
(n Viz, in 1674. 
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ty. after wards of making experi- 


hypoth eſis, | 
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nypocheſis, repugnant to. all the laws of motion, to ſalve 
appearances, and to reconcile thoſe experiments with 


OS I CC 


= his former doctrine %. | 
. | 
1 And did not Dr. HALLer, fo long the ornament of 


10 W Society, communicate in the year 1686 a Paper, 
which he calls A d. iſconrſe concerning gravity,” in which, 
treating of the motion of projectiles, he ſays, that being 1 
aware of the deflexion from the parabolic curve that 
might be occaſioned by the reſiſtance of the Air, he had 
made ſome experiments, even with cannon- balls, to eſ- | 
timate the force of that reſiſtance; yet conelude, That in 
large ot of metal; whoſe weight many thoufand times fur- | 
paſſed that of air, and whoſe foree is very greaz, in pro- 
portion to the ſurface herewith they preſs thereupon, this | 
oppoſition vas not diſctrnible. And again, Though in | 
; [mall and light ſhot, the oppoſition of the air-ought and eu} | 
be accounted for ; et in Jhooting great and "weighty bombs, | 
here need be very Attle allowance made; and fo theſe rules 
[thoſe, to wit, grounded on the principle of GALtLE®] 
maybe put in Practice to all intent and purpoſes, as if 
#his mr fthe tefiftance of the Air] were wy | 
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be erroneous, were the leſs to be expected from ſo 


eminent a perſon, as they argued too much haſte to 
finiſh, a — that was to be made ſubſervient to 


preſent uſe... 


, * 
ö * . 1 en 


It . Ae! have been . that men > of 
ſcience applying themſelves to this ſtudy, would. have 


oppoſition. of the air, by the Principia of NEwrtoN, pub- 
_ I liſhed a little after this Paper of HALLEI's (%. For in. 
chat excellent work the illuſtrious author had demon- 
rated, that the curve deſcribed. by a projectile, in a 


. trongly reſiſting medium, differed much from a para- 
; I bola, and that the reſiſtance of the air was great enough 


Joo make the difference between the curve of projection 
ef heavy bodies and a parabola far from being igfen- 
| * and therefore too conſiderable to be neglected. 


] Have we not then leſs to ah for not attending to 
f the Principia of NEWTON in this article , than the ma- 


„ thematicians of other nations, who, as M. de Fox rE- 


(% Philoſ. Tranſ. N* 179, p. 20. 
(p) In the year 1687. 
LH WW Newron, Princip, Mathem. lib. ii. ſect. ). 


Ca Mn 


removed Such concluſions, which we now find to 


| been ſooner awakened to the conſideration of the great | 


TW 1 
NELLE oblervis" 5 partly from the difficulty of under. 
ſanding: that conciſe and profound work, and partly 
from a re, pere qße of its tendency (which they 
fancied was to revi ve the exploded” doctrine of ofcult 
qualities ) were late in becoming acquainted with- it? 
But it is not ſo eaſy to account for their inattention to 
HuyGENs, 2 known and even then as muck eſteemed 
author, and who indeed was ſecond to N EWTON alone 
in ſcience and in genius. For he in the year 1 690 
had publiſhed a treatiſe on Gravity, written in a popular 
manner, wherein he gave an -account of ſeme expe- 
riments he had made at Paris, and in the academy, by 
which, as well as by mathematical inveſtigations, he 

was convinced of the truth of N EWTON'S- concluſions, i in 

regard to the great oppoſition of the air to bodies moy- 
ing fwiftly int it; and, by conſequ nice, believed that the 
traKof- all projectiles Was very different from the line 
of a «aac FOE QT -# bh 2 
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But excepting NewrToN and Horozns, the learned 
ſeemed univerſally to acquieſce i in the juſtneſs and ſut- 
ficiericy of the principles of Ff invented by GaALi- 
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"7 ) Eloge = Newron. 
( Diſcours de la Cauſe de la Peſanteur. Leide, 1690, 
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LEO, | enlarged by ToRRICELLI, confirmed and reduced 
toſyſtem by ANDERSON, BLONDEL, HALLEY and others; ; 
and fo far were the theoriſts, in that branch of ſcience, 


from ſuſpecting any defect or fallacy in theſe principles, 


that they ſeemed rather to reproach the practical artil- 
leriſts, for not profiting more by the inſtructions which 

they had ſo. liberally imparted to them. Nor do we 
find that an apology was made for the empirical ex- 
erciſe of the art, by any author of note in that line, 


earlier than the ſixteenth year of this century, when M. 


de RESSONS, a French officer of artillery, diſtinguiſned 
by the number of ſieges at which he had ſerved, by his 
high military rank, and by his abilities in his profeſſion; 
when be, I ſay, thus qualified to bear teſti: 
ſented a memoire to the Royal Academy (of which he 
was a member) importing, that although it was agreed 
that der Joined to praclice did conſtitute the Peco 
e every art, yet experience had taught bim, that theory 
was. of very litile ſervice in the uſe f "mortars. That 
the work of M. Buowpzr bad Juftly enough deſcribed the 
ſeveral parabolic lines, according to the different degrees 
of tbe elevation of ibe piece; but that praclice bad con- 
vinced him there vas no theory in the efedss of gun-powder : 
for that baving endeavoured, with the greateſt preciſion, 
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by one of the moſt competent judges. Now, whether 
mi were owing to the deference due to the authority of 
that experienced artilleriſt, or to ſome other cauſe, I ſhall 
not determine, but obſerve, that it appears not from the 
hiſtory of the academy, that the ſentiments of M. de 
RESSONS were at this time controverted, or any reaſon 
offered afterwards for the failure of the theory of pro- 


L az 1 a 
to point a mortar agreeabiy to theſe calculations, he had 
never been able 10 Ting any fehid foundation * 
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Thus, * the theory of gunnery had exerciſed the 
genius of the learned for nearly two hundred years, and 
for almoſt fourfcote of that time had reſted on funda- 
mentals which had never been conteſted, it was: pro- 
nounced at once to be almoſt intirely uſeleſs, and that 


jectiles when applied to uſe. Nor can I paſs unnoticed 
the pauſe that enſued before any further attempts were 


made to improve the theory of the art, either upon the 
old principles or upon new ones, except by ſuch au- 
thors as ſeemed ignorant of this tranſaction, and who of 


courſe were not ſufficiently apprized of the inefficacy of 
the properties of the parabola for directing practice. 


\ 


(t) Mem. de P Acad. R. des Se. A. 1716. 


Or 
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Or by thoſe who were employed in ſpeculatively inveſ- 
tigating the nature of the curve traced by: a ball in the 
air; a curve which began at laft to be conſidered as one 
deviating much from the line of a parabola. Or, finally, 
by ſuch as, having taken notice that NEwToN's ideas 
| hall not been duly: attended to;1:endeavoured to avail 
themſelves of them, and of: fone! experiments that had 
been made by others, for proving the great oppoſition 
of the air to bodies of ſwift motion; but without aſcer- 
taining the degree of that men 2 the 
art * r P rules. 1 An 
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Such was the Adee Kine: of this. part of the 
mixed mathematics, when wirhin our memory Nr. 
BENJAMIN ROBINS took cognizance of it: nor could the 
ſubject have fallen into abler hands, endowed as he was 
by nature with a ſuperior genius and unwearied appli- 
cation. Mr. RoniNs was deeply verſed in geometry 
nd &rine-of numbers; but he knew the limits 

as well as the powers of both, and how inſufficient they 

were for eſtabliſhing any theory where matter was con- 

cerned, without preparing the way, by finding out the 
Fe wanne of that matter, * many and varied 


« {wu} Das BER WOULLT, Comment, Acad, Pramas T. 2. & * 
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of the air to be inconſiderable, and thence aſſerting the 


L 24 J 


experiments and attentive ohſervation. Thoſe who had 


hitherto treated of the foundation'of gunnery, by being 
too forward in the application of their mathematics, had 
in a manner hurt the credit of that admirable ſcience. 
They ought to have ſeen the neceſſity of minutely ex- 


amining every circumſtance which could affect the 
courſe of a. projectile, beſides that of gravity. Mr. Rois 


perceived the error of his predeceſſors in that inquiry, 
and corrected it. Perſuaded as he was from Sir Is AAC 
Nxwrox's Principia of the great reſiſtance. of the air to 


bodies moving in it, and alſo of the uncertainty of the 


force of. gun-powder, and of the variations in the fli ight 


of ſhot, occaſioned by the unavoidable varieties in the 


make of. it, and in the make of the pieces of artillery 


which diſcharged it; apprized, I ſay, of ſo many cauſes 
of aberration, he juſtly concluded, that the foundation 
here was at leaſt as much an affair of phyſies . as of geo · 
metry, and that if the art of throwing bombs had not 


been advanced by theory, i it was not becauſe the art ad- 


mitted of none, but becauſe the theory which. had 


hitherto been deviſed had been beth defective and er- 
roneous. He ſuſpected that moſt of the writers on 
gunnery had been deceived, in ſuppoſing the reſiſtarice 


track 
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nations, about the flight of Wan of violent motion, 
had declined conſiderably from the truth. But in order 
to clear this point from every doubt, he found it neceſ- 
ſary to aſcertain the force of gun- powder, and by that 


ſtep to eſtimate the velocity of the ſhot impelled by its 
exploſion. That bein g done, he proceeded to meaſure 


the quickneſs of a muſfket - bullet, ſhot out of a given 
barrel, with a given quantity of powder; and to confirm 


the truth of his concluſions, he contrived a machine, 


by which the velocity of a bullet might be diminiſhed 
in any given ratio, by being made to ſtrike on a large 
body of a weight juſtly proportioned to it; whereby | 
the ſwifteſt motions, which otherwiſe would eſcape our 


examination, were to be exactly determined by theſe 


flower motions that had a given relation to them. 
The machine was a large wooden pendulum, which 


ſwung freely, but in ſo flow a manner, that its vibrations 


could eaſily be counted, whatever was the celerity of 
the bullet diſcharged againſt it. The thought was 
fimple, ingenious, and inconteſtably his own. To, 
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He next inquired into the reſiſtance made by the air 
© projectiles of Tapid motion, and which he diſcovered 
to be much greater than had been ſuppoſed by any 
writer on the ſubject; and indeed ſo great, that it was 
manifeſt the curve deſcribed by any ſhot was very dit- 
ferent from. a parabola, and conſequently that all the 
applications of the properties of that conic ſection to 


gunnery were ſo erroneous as to be totally uſeleſs. For 


by means of this pendulum, placed at different Shae 
from the mouth of the piece, he clearly demonſtrated 


how much a bullet, flying with a given velocity, would 


gradually loſe of that motion by the oppoſition of the 
air: therein furniſhing to the learned a fignal and in- 


ſtructive inſtance of the fallacy of the moſt ſpecious 
theories, that do not t proceed hand in hand with experi- 


an 


FT ſhould too much exceed the juſt b bounds of a diſ- 


courſe of this kind, were I to enter more minutely into 


the ſyſtem founded by Mr. RoBins, confirmed and im- 


proved, as I find, „by the labours of ſeveral of the learned 


in foreign parts of great celebrity 4%, I Hall only ad 


(w) It is alſo much to the honour of Mr. Rosins, that his writings on this 
ſubject have been tranſlated into foreign languages by men that were the beſt 


that 


| judges of their merit. I need only name M M. EULER, and LE Roy. 


* 3 . 25 l * * * 9 7 4 - * a * e 
— N ' EA | , 4 
3 - 
» * = 1 . 
F -@ 


that his performance well deſerves the title he gives it 
of The new principles of gunnery, ſince the author may 
more properly be ſaid to have invented a new ſcience 
than to have added to an old one. And I believe I may 
venture to ſay, that no phyſico-mathematical diſquiſition 
hath done more honour to this country, or to the age, 
than the writings of Mr. Ros1ns on this ſubject, which 
have been publiſhed, partly by this Society, partly by 
himſelf, and partly ſince his death (in the collection of 
his whole mathematical tracts) by his learned friend. 


- Wt thou gh our worthy brother will ever be cele- 
brated for being the inventor of the true principles of 
gun nery, yet it would be too flattering to his memory, 
to ſay he had carried the theory of this art to perfection. 
He himſelf was far from entertaining ſo high an opi- 
nion of his labours; nay he expreſsly declared, that he 
left ſome material points to be inquired into at more 
leiſure (which other occupations and his immature death 
depri ived him of) and he much regretted that he wanted 
conveniency and opportunities for making experiments 
on balls of a greater weight, than what he had uſed for 
aſcertaining the initial velocity of them. 
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Much therefore are we indebted to Mr. HuTTox, 
who, treading in the footſteps of the deceaſed, hath re- 
ſumed and proſecuted this laſt defideraium, and hath 


ſhewn himſelf not unequal to ſo difficult an enterprize. 


Mr. RoBiNs, for determinin g theinitial velocity of ſhot, 
ariſin g from different quantities of powder, made uſe of 
balls of about an ounce weight; whereas Mr. Hurrox, 


for the ſame purpoſe, hath employed thoſe of different 
weights, from one pound to nearly three; or, in other 
words, Mr. RoBiNs made trial with muſket-ſhot only, 


Mr. HUTTON with cannon- balls from 20 to about 50 


times heavier. This was a conſiderable ſtep gained in 
a diſquiſition on that part of the ſcience, in which the 
reſiſtance of the air and other circumſtances were not 
concerned; and where neither analogy alone, nor ma- 


thematical deductions alone, nor the two combined, 
were ſufficient for eſtabliſhing principles applicable to 
the motion of cannon-balls, without making a new ſeries 
of experiments: and with what labour and judgment | 


theſe have been performed, you underſtood by the ac- 


count which Mr. HUTTON gave of them in his Paper. 


But 
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But ſhould it now be n what advantages may 
be derived from Mr. HuTToN's experiments, for the ad- 
vancement of the art of gunnery, and of philoſophy in 
general? I would reply, that as to the former it may be 
ſufficient to obſerve, that though the improvements be 
only ſuch as can be deduced from the force of fired 
gun- powder; yet they are in a higher, more certain, and 
in a more general manner, than what reſulted from the 
labours of Mr. RoBiNs; who indeed led the way, but 
who made, as it were in miniature, thoſe experiments 
which Mr. Hur rox hath executed at large, and which 
ROBINS himſelf wiſhed to have made, as well as others 
who have conſidered the ſubject ſince his time. Now 
theſe experiments, though made by Mr. HUTTON with 


cannon- balls of a ſmall ſize, may nevertheleſs form juſt 
concluſions when applied to cannon-ſhot of the largeſt 
ſize. And ſuch concluſions inform us of the real force 
of powder when fired, either in a cannon. or a mortar, 
impelling a ball or bomb of a g1V en weight; that i is, they 
diſcover with what velocity a given quantity of pow der 
drives thoſe projectiles in a ſecond, or in any. other 
aſſigned portion of time. They alſo ſhew the law of 
variation in the velocity ariſing from different quanti- 
ties of powder, with the ſame weight of metal, and like- 
7 ” 8 wiſe 
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wiſe that law which takes place upon uſing balls of dif- 
ferent weights. Further, they point out the advantage 


obtained by diminiſhing the windage in cannon, and 


teach us how we may increaſe the weight of the ſhot. 


in the ſame piece, by making it of a cylindrical form, 
inſtead of a ſpherical : by this device, a ſmaller ſhip 


may be enabled to do the execution of a larger one. 


And experiments of the ſame kind will alſo determine 


the juſt length of cannon for ſhooting fartheſt with 
the ſame charge of powder. 


Laſtly, it is from theſe experiments, or from others 


that may be made after the like manner, we are in- 


ſtructed how to anſwer every queſtion relative to mili- 
tary Projectiles, except ſuch as depend on the reſiſtance 


of the air to bodies moving ſwiftly 1 in it. This indeed 


is a conſideration which leaves room for greater im- 


provement in the art, and for conferring | freſh honours 


on thoſe, who, like Mr. HUTToN, ſhall have opportu- 


nities and abilities for continuing and perfecting. this 
very curious | and uſeful i inquiry. 


As to the advantages accruing to philoſophy from 
the labours both of Mr. RoBINs and Mr. HUTTON, ſpeak 
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they not for themſelves? The ſciences of motion and 
pneumatics are promoted by them; and of what avail 
their perfection would be for the farther interpretation 
of nature, you need not be informed. In fine, we have 


here before us, in theſe experiments, the ſureſt teſt of 
our advancement in true knowledge, which is, the im- 


powers of man over the works of creation. 


Some however may think, that the objects of this 
Society are the arts of peace alone, not thoſe of war, and. 
that conſidering how numerous and how keen the in- 
ſtruments of death already are, it would better become 
us to diſcourage than to countenance their farther im- 
provement. Theſe naturally will be the firſt thoughts 
of the beſt diſpoſed minds, But when upon a cloſer. 


examination we find, that ſince the invention of arms 


of the quickeſt execution, neither battles nor ſieges have 


been more frequent nor more deſtructive, indeed appa- 
5 rently otherwiſe; may we not thence infer, that ſuch 


means as have been employed to ſharpen the word, 


have tended more to diminiſh than to increaſe the num 
ber of its victims, by ſhortening conteſts and making 


them more deciſive. I. ſhall not however inſiſt on 
| i. 1 maintaining: 


provement of a liberal art, and the enlargement of the 
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1 
maintaining ſo great a paradox; but only ſurmiſe, that 
whatever state would adopt the Utopian maxims, and 
proſcribe the ſtudy of arms, would ſoon, 1 fear, become 
a prey to thoſe who beſt knew how to uſe them. For 
yet, alas! far ſeem we to be removed from thoſe pro- 


miſed times, he nation hall not lift up feord againſt 
nation, neither hall they learn war any more . 


% * 


Her e ended the Prei dent's Diſcourſe: after which be 


turned 70 Mr. Ho TON, and ſaid, 


You have heard, Sir, the account I have given of 


the riſe and progreſs of the theory of gunnery, and of 
your improvement of it; a recital, which by no means 
would have done either you or the ſubject juſtice, had 
it been addreſſed to any other audience than to the pre- f 
ſent. But as my intention was only briefly to recall to 
the memory of theſe gentlemen what they knew of this 


ſubject, antecedently to your Paper, and to remind them 


of the reſult of your experiments, I flatter myſelf I have 


ſaid what was ſufficient on the occaſion: being now au- 
thorized 
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thorized by them to deliver into your hand this medal, 
as the perpetual memorial of their approbation. And 
let me add, Sir, that they make you this preſent with 

the more cordial affection, as by your other ingenious 
and valuable communications they are aſſured, not only 
of your talents, but of your zeal, for promotin g the in- 

tereſts and honour of their Inſtitution. 
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